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AT SKYKOMISH SUBSTATION 


consisting of an 8000-kv-a. 13,200-volt three-phase 60-cycle synchronous motor and a 7500-kv-a. 13,200-volt single-phase 25-cycle generator with their respective 


direct-connected exciters, provides power for the recently ele 


The 25-cycle output is stepped up to 44,000 volts at 


ctrified Cascade Division of the Great Northern Railway. 
the substation for distribution, and later made available at the locomotives by the use of auto-transformers placed along the right-of-way 


This frequency-changer set, 
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THE VALLEY OF THE GIANTS oe Se 


This is the Valley where giants are born—where 
masses of metal become the producers of power, 
where many-spoked wheels turn slowly to achieve 
their final balance, and muscles of steel are fashioned 
into the sinews of huge machines that go to support 
life and light in all parts of the world. Here a thousand 
men appear and disappear in the dim shadows, 
crawling in and out of the great openings where steam 
will some day rush forth, perching high in the bosom 
of a casting, calmly presiding over the keen tooth of 
a lathe as it slides smoothly beneath the iron skin. 

Here is the Valley of the Giants. The men swarm 
out at the tall doors; a few scattered arc lamps 
high up are left to guard the place. Robed in their 
purple shadows, the rulers of this new monarchy in 
the making stand alone in their dignity, gathering 
in the silence the spirit of their mighty activities to 
come. 

One man lingers there amid the benevolent giants 
of steel and steam and electricity, and down the 
narrow aisle between them he sees a vision. The 
cities and the countrysides of the world stretch out 
before him in miniature ranks and rows. People move 
and struggle beneath their burdens. Wars, revolutions; 
the smoke of industry; ships of commerce headed in 
and out of ports; sorrow and happiness—but always 
the struggle to lift a burden. This vision fades and 
another takes its place—this time a vision of a smaller 
group of men and women, working quietly over 
laboratory desks with tubes and wires; immersed in 
books, with instruments at hand; men with tools— 
men standing at the fiery doors of furnaces—men who 
with a single finger control the jaws and gears of 
great machines. 

Then a third vision appears, there among the 
giants. A pair of balance scales—a symbol of the 
world. Humanity stands crowded in the one pan, 
reaching up to greater heights with the right hand 
and lifting a greater burden with the left—and that 
side swings slowly down. In the other pan the 
the men of science and of industry are building—add- 
ing constantly to their giants of power, so that the 
scales swing gradually back and then beyond the 
balance point, more than restoring human comfort 
and well-being. And so the swings continue—symbols 


of the world and progress—cause and effect—struggle 
and victory. 

With these three visions the man sums up the 
picture of modern progress. First, the struggle for 
better things, and the people voluntarily accepting 
heavier and heavier burdens. Then the answering 
effort of those who, by their professional obligation, 
have accepted the duty of helping to lift those bur- 
dens. 

As the lone man leaves, he realizes that the massive 
shapes are but symbols of something greater than 
themselves. For there are other giants than those of 
mere size. In this Valley are but a few of a vast army 
of other giants of strength and speed—the atoms and 
electrons which in some strange way have gone into 
the construction of the world, and so lie behind 
everything wedoandare. The form of these greater 
giants we have so far but dimly perceived, but light 
is coming and we are preparing ourselves constantly 
for what we may find. | 

This is our age—this age of motion and the use of 
force. We are not passive. It is not merely according 
to our pleasure that we enter the stream of progress 
or stand aside while it flows by. Born into a world that 
flies, that talks with voices heard half around the 
globe, that controls energy from a source far greater 
than itself, we cannot repudiate our birthright nor 
avoid the responsibilities which are the only payment 
nature demands of us for these benefits. 

The sun has marked off a period—a cycle so small 
in the total of his travels that he scarcely heeds it as he 
passes. We call that period a year; and we pause, 
looking back to see what we have done. However 
small, that short interval has placed another tier of 
brick beneath our feet, set down with care to make a 
firmer foundation for us as we lift our larger burdens 
with increasing strength. 

In the Valley of Giants we are their lively souls. 
They cannot crush us if they would, for they are dead 
without our inspiration. Our living energy we have 
reproduced in steel and copper and motion a thousand- 
fold. This infinitesimal period called a year has made 
finite return on our investment of brains and strength. 
New power is ours for the asking. Who shall be 
idle now? D. O. WoopBurRyY 
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Some Developments in the Electrical Industry 
During 1927 


‘-. By JOHN LISTON 
General Electric Company 


HERE were, during the year, numerous improve- 
ments ‘in design, in process work, and in 
- manufacturing methods which resulted not 
only in improved efficiencies but, in certain classes of 
electrical equipment, combined this result with lower 
costs. The economies thus secured were shared with 
the consumer through the medium of reduced prices 
in the classes of apparatus affected. 
New records in the unit capacity of steam turbine 
generators were achieved in both the single-cylinder 
and tandem-compound types, with single generators 


Fig. 1. 


rated 75,000 kw. and 160,000 kw. respectively. The 
maximum capacity of the cross-compound type, 
represented by the 208,000-kw. set under construction, 
was not exceeded. There was an increased use of high 
pressures, many of the large turbines utilizing steam 
at pressures up to 600 lb. There was also a pronounced 
tendency to utilize higher steam pressure for the 
industrial type of turbine than had been previously 
considered practicable. | 

In the fabrication of large generators for both 
turbine and waterwheel drive, synchronous conden- 
sers, and similar apparatus, there was an increased 
use of structural-steel and steel-plate welded con- 
struction, this method having practically superseded 
the use of large castings in the building of machines 
of this class. Another feature of great importance was 
the cooling of these machines by an enclosed system 
of circulating gas which not only permits a more 


accurate control of the temperature than does air 
cooling, but enables the machines to operate with a 
higher output than was possible with former methods 
of cooling. _ 

There were two events of outstanding importance 
in the marine equipment field, the first being the 
placing in commission of the airplane carrier U.S.S. 
Saratoga, the most powerful craft afloat. With her 
electric propelling equipment of 180,000 s.h.p., this 
ship utilizes approximately as much energy for pro- 
pulsion as six battleships. The second event was the 


Drawing of 160,000-kw. Tandem-compound Turbine-generator for the New York Edison 
Company. The single generator of this set is the largest ever constructed 


completion of the turbine-electric passenger liner 
California which has the highest-rated electric pro- 
pelling equipment in the merchant marine service. 
She is also the largest craft of her type so far con- 
structed in an American shipyard. 

Four motor-generator-type locomotives each of 
260 tons were built for the Great Northern Railway. 
These receive alternating current at 11,000 volts 
and convert it to direct current for the driving motors. 
The Chicago, Milwaukee and St. Paul Railway com- 
pleted the electrification of its entrance into the city of 
Seattle by the equipment of a 10-miledouble-track line. 

The system of automatic control of machinery in 
power stations and substations was utilized for 
plants of greater capacity in hydro-electric power 
stations, and in railway, mining, and industrial service. 
Railway substations were to an increasing extent 
equipped with mercury-arc power rectifiers which 
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have now been in service for a sufficient length of 
time to demonstrate their dependability. 

Many ingenious applications were made of vacuum- 
tube control ‘for switching, protective, and indicating 
devices in power stations and on transmission lines. 
These were developments supplementing the use of 
carrier-current communication, which was also further 
extended during the year, and indicate the possibilities 
of a great variety of uses for vacuum tubes for purposes 
other than radio broadcasting and receiving. 

The successful operation of the 132-kv. oil-filled 
type of conductor cable greatly enlarged the scope of 
the economical underground transmission of large 
blocks of power. This method is of maximum value 


TURBINES 
High-pressure 
During the year, eleven turbine-generator sets 
ranging in capacity from 40,000 to 91,500-kw. were 
operating at 550 to 600 lb. pressure. In addition to 
these, two sets were operating at 1200 lb. pressure. 
No difficulty developed in any of these machines which 
could be attributed to the use of high-pressure steam. 
The third turbine designed for operation on 1200 
lb. pressure (Fig. 2) was placed in commercial service. 
This is a 10,000-kw. 12,500-kv-a. 3600-r.p.m. unit 
located in the Edgar Station of the Boston Edison 
Company. It exhausts through a separate super- 
heater into the 375-lb. mains. 


Fig. 2. 


where it is desirable to operate high-voltage conduc- 
tors in cities or other congested areas. 

There was a well-defined tendency toward the 
further adoption of complete, self-contained, switching 
systems in which the circuit breakets, switches, 
busbars, and auxiliary equipment are all metal- 
enclosed and connected to oil reservoirs which main- 
tain the oil at a suitable pressure throughout the 
switching group. Modifications of this system utilized 
fluid or semi-fluid compounds in place of oil. This 
same method of complete metal enclosure of the equip- 
ment was also adopted for subway-type transformers. 

In presenting a review of these and the many 
other developments which occurred during the year, 
all the apparatus referred to are products of the 
General Electric Company. These cover such a wide 
range that the references will serve as an indication 
of the tendencies in design and construction as well 
as the general progress in the electrical manufacturing 
industry as a whole. 


10,000-kw. High-pressure Turbine Showing Unusual Form and 
Massive Construction of the Casing 


There are now installed or under construction a 
total of twenty-one G-E turbines designed for steam 
pressures of 550 lb. and higher with an aggregate 
capacity of 1,148,500 kw. 


Single-cylinder 

The 65,000-kw. unit referred to in last year’s 
review iS now in service in the Edgar Station of the 
Boston Edison Company, and is the largest single- 
cylinder unit in operation. 

A still larger machine is now being built. It is a 
single-cylinder single-generator unit for the Buffalo 
General Electric Company and is rated 75,000 kw. 
at 1500 r.p.m., which is a new record size for this 
type of machine. 

In smaller capacities, new designs of 15,000-kw. 


~1800-r.p.m. and 10,000-kw. 3600-r.p.m. units were 


developed to embody in their construction all the 
new features which would tend to increase the 
efficiency of machines of this capacity. 
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Tandem-compound 
One 94,000-kw. unit of this type for the Southern 
California EdisonCompany was completed and tested. 
As the result of recent developments, it was 
possible to design for the New York Edison Company 
the largest single-generator unit ever constructed. 
This machine (Fig. 1) which will be installed in the 
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East River Station is rated at 160,000 kw. with a single 
1500-r.p.m. 25-cycle generator. The steam end is 
tandem-compound with a single-flow high-pressure 
element and a double-flow low-pressure element. 

An unusual feature in the construction of this 
generator is the fact that the stator winding is com- 
posed of two separate windings which are identical 


Fig. 4. 
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Low-pressure Element of 208,000-kw. Triple-compound Turbine 


Digitized by Google 


SOME DEVELOPMENTS IN THE ELECTRICAL INDUSTRY DURING 1927. 


in all respects but are electrically separate so that 
the capacity of each is 80,000 kw. The two windings 
are connected through two generator breakers to 
adjacent bus sections. 

The advantages afforded by this construction are: 
(1) the reduction in generator breaker capacity 
caused by the use of two 
generator breakers, (2) the 
elimination of bus reactors 
made possible by the trans- 
fer of power taking place 
through the coupling effect 
of the two separate wind- 
ings, and (3) the increased 
stability obtained by omit- 
ting the bus reactors. 


Cross-compound 


The 91,500-kw. cross- 
compound turbine now in 
service in the Crawford 
Avenue Station of the 
Commonwealth Edison 
Company is the first unit 
to operate with steam re- 
heated, after partial expan- 
sion, by steam at boiler 
pressure and temperature in a heat exchanger. Pre- 
viously the steam has been reheated in special 
reheat boilers. This unit was the first to develop a 
capacity of over 100,000-kw. 


Fig. 5. 


Stator Frame with Stacked Laminations for 100,000-kv-a., 
16,500-volt Generator Showing Latest Form of Welded 
Construction 


Construction of the 165,000-kw., triple, 60-cycle 
turbine-generator set (Fig 6) for the Philo Station of 
the Ohio Power Company was well under way. 
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This set is designed for an initial pressure of 600 1b. 
and a steam temperature of 725 deg. The steam will 
be reheated to the original temperature between the 
high-pressure and the two low-pressure elements. 
All three elements operate at 1800 r.p.m. and each 
main generator has a capacity of 53,000 kw. at 0.85 
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Drawing of 165,000-kw. Triple-compound Turbine-generator for the 
Philo Station of the Ohio Power. Company 


power-factor. Each low-pressure turbine will also 
drive a 3000-kw. service generator. Each main and 
service generator will have its own direct-connected 
exciter. The generators are of special construction 
so as to be suitable for the possible future use of 
hydrogen as the cooling medium. 

Work on the 208,000-kw. triple unit for the State 
Line Generating Company (Figs. 3 and 4) was pro- 
gressing satisfactorily. 


Turbine-generators 

The use of a fabricated structure for armature 
frames on all large turbine-generators has the 
advantage of minimizing foundation requirements 
and also makes it possible to ship completely 
assembled and wound machines of much greater 
capacities than would be possible with cast frames. 
An excellent example of this construction is found 
in a 100,000-kv-a. generator for the Southern 
California Edison Company (Fig. 5), the stator of 
which, despite its large size, will be shipped as a unit 
with punchings and windings assembled. 

The generators of the 208,000-kw. set for the 
State Line Generating Company will develop 22,000 
volts, and, in order to study the action of this potential 
on the insulation, sample coils were made up which 
were repeatedly tested at 75,000 volts with no 
indication of distress. Similar coils are now under- 
going a laboratory life test at 33,000 volts, which is 
approximately 2.6 times the “Y” voltage of the 
system on which they will operate. 
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The 6250-kv-a. generator, which was designed for 
operation in an atmosphere of hydrogen, was tested 
during the year and the results substantially checked 
the estimates that had been made from theoretical 
considerations. 

Briefly, the tests so far have shown that a generator 
built primarily for hydrogen cooling can be made with 
25 to 30 per cent less magnetic material than a ma- 
chine operating in an atmosphere of air. This is not 
all clear gain, however, as the construction to retain 
hydrogen, according to our present knowledge, is 
very expensive. However, it is possible that as the 
art progresses this cost might be materially reduced, 
and would show a substantial saving in the price 
per kilowatt of such machines over those operating 

in air. 
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50 and 165 1b.; the extraction flow being automati- 
cally controlled by internal grid valves. 

There were a number of applications of turbines 
of exceptional capacity to the driving of blast-furnace 
blowers, and for Bessemer converter service. Some 
of these turbines were rated as high as 7000 h.p. 


with blower capacities up to 60,000 cu. ft. per min. | 


For this service also, increased use was made of 
higher steam pressures and super-heat. 

Two turbine-driven blowers for the Central Furnace 
Company at Massillon (Ohio) are typical of this 
service. The turbines are 8-stage and are rated 5300 
h.p. at 4150 r.p.m., while the compressors are 3-stage 
and rated 50,000 cu. ft. per min. at 30 lb. pressure. 
These turbines are operated condensing and the speed 
of the sets is controlled by constant volume governors. 
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Fig. 7. Lower Half of Casing of a 3000-kw. High-pressure Industrial Type Turbine 


Apart from the consideration of first cost of the 
machine, there is a distinct advantage in favor of 
the hydrogen-cooled generator in the matter of 
reduced losses, and owing to the absence of an oxidiz- 
ing atmosphere it is probable that the life of the 
windings will be materially increased. 


INDUSTRIAL TURBINES 
There was a notable increase in demand for higher 
steam pressures and temperatures for industrial 
type turbines, and a considerable number of units 


were constructed for operating conditions between- 


300 and 400 1b. initial steam pressure and tempera- 
tures up to 750 deg. F. 

An example of this class of machine is found in a 
3000-kw. 12-stage non-condensing unit (Fig. 7) 
built for the International Paper Company. This 
will operate under steam conditions of 400 Ib. initial 
pressure, 160 deg. F. super-heat, and 125 lb. back 
pressure. 

There was a corresponding increase in extraction 
pressures and a number of units were placed in 
service operating with extraction pressures between 


EMMET MERCURY VAPOR PROCESS 


The 1800-kw. 3-stage mercury turbine equipment 
installed at the Dutch Point Station of the Hartford 
Electric Light Company during the summer of 
1925 continued to operate for long periods in a man- 
ner to warrant the building of a large size equip- 
ment for installation over a modern, commercial- 
size furnace. The results obtained during operation 
have confirmed the economic value of the process 
and demonstrated its practicability. Pulverized 
coal has been successfully burned at high ratings 
although this furnace was originally designed for 
burning oil. 

Early in 1927, construction was begun on a large 
commercial mercury boiler and turbine unit for the 
same company. The equipment (Fig. 8) is now being 
installed in an extension to the South Meadow 
Station at Hartford (Conn.). The new mercury 
turbine-generator 1s expected to deliver 10,000 kw. 
when burning about 14,500 Ib. of coal per hour in 
the furnace. In addition, the condensing mercury will 
generate some 125,000 1b. of steam per hour which 
will be superheated to 700 deg. F. 
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Several mercury boiler units were completed and 
installed early in 1927 in an oil refinery; the mercury 
vapor generated by them being used for refining oil. 
They have now been in continuous satisfactory oper- 
ation for several months. 

Pulverized fuel will be used at Hartford, three 
coal mills discharging directly through the burners 
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Fig. 8. Side Elevation of Mercury-vapor Power-plant Equipment 


into the furnace. The flue gases pass upward along 
the mercury boiler tubes and between the cylindrical 
headers. The gases next pass over the mercury liquid 
heater and steam superheater, and then downward 
over the water economizer and air preheater, through 
the induced draft fan, and up the stack. The flue gas 
temperature at the stack is expected to be reduced 
to 280 deg. F. After leaving the preheater the air 
passes over the furnace walls, cooling the refractory 
surface. 


The equipment is designed for a mërcury pressure 
at the turbine of 70 lb. gauge and a steam pressure 
of 350 lb. gauge. The mercury turbine is a 5-stage 
720-r.p.m. machine, having an overhung rotor; the 
complete weight of the revolving parts of the turbine 
and generator being carried by the two generator 
bearings. The mercury vapor flows through the 
turbine toward the generator. The shaft packing, 
therefore, is at the low-pressure end of the machine. 
After passing through the turbine, the mercury vapor 
exhausts into two condensers placed at each side of the 
turbine. The vapor delivers its heat of condensation to 
vertical dead-ended tubes containing water, the tem- 
perature drop across the tubes being about 20 deg. F. 
Thus any steam pressure up to the designed value can 
be generated. Upon condensing, the mercury passes 
through a cleaning sump and returns by gravity 
flow to the boiler. 


SUPERCHARGERS 


Appreciable progress was made in superchargers 
although no new types were produced. 

Exhaust turbine-driven side-type superchargers, 
equipped with ball bearings and improved turbine- 
bucket material, have now been in service for nearly a 
year and have given no trouble whatever due to 
bearing failures, stretched turbine buckets, or other 
mechanical difficulties in the supercharger itself. 

Superchargers of this type are being used to some 
extent for high-altitude bombing planes, for towing 
anti-aircraft gun targets at high altitude, and for 
pursuit and observation planes. Some of the more 
recent tests show that pursuit planes so equipped 
have a speed at high altitudes materially in excess of 
the speed at sea-level. Such a performance has not 
been possible heretofore. 

Gear-driven superchargers, which «ie built directly 
into the engine, have now been adopted by all of the 
builders of radial air-cooled engines in this country, 
and have reached a quantity production basis. These 
superchargers were originally intended to mix and 
vaporize the fuel and overcome the pressure drop 
through the carburetor only, but tests have shown 
that an appreciable gain in the performance of the 
engine and plane result if supercharging is provided 
beyond that necessary to overcome the carburetor drop. 


MARINE EQUIPMENT 

Since the first commercial application of electric 
propulsion in 1908, when the Chicago fireboat 
Graeme Stewart was placed in commission, there has 
been a consistent growth in the number and size of 
electrically-propelled craft. 

At the close of the year 1927 there had been placed 
in commission or were under construction a total 
of 118 electrically-propelled vessels of various types, 
ranging from river towboats and small yachts to 
the largest types of seagoing ships. The equipment 
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of these craft aggregated more than 700,000 s.h.p., Turbine-electric 

about 92 per cent of the primary power being supplied The outstanding event of the year was the comple- 
by turbines and 8 per cent by Diesel engines. tion and installation of turbine-electric propelling 


The General Electric propelling equipments con- equipment for the Panama Pacific liner California 


`s 


a 


ay" 
« Ae 


E 
De, 
& 
7 
~~ 
OSA 


tia aar 
J 
Ar aa 


z 
y "a awe 
m e an k 
P A -> as x, P 
2a araa T, AA “a a 5 
E A o PA LALA r 
r s a 


b~ 
J 


A TOLA 
x Ce 


` 
eee 


a See eee 


m NEA 
k AVAA 

be 

w 


~ —_—, T y 
e e aaah e S aa 
yra ee a _~ ` 

n i Na 


, M yh ~ 
> K i wry eee v 
Ô ADE ae > a- Haor yO See ks b A 4 % x x 
re y e P <> 
x A V Qf ~~ / N ` ae a k ` 
i 7 e a F à 
7 es P 


Fig. 10. Main Propulsion Motors of S. S. California, Each Rated 8500 s.h.p. at 120 r.p.m. 


stitute about 85 per cent of the total shaft horse- (Fig. 9), the largest passenger ship ever built in the 
power involved and consist of 29 turbine-electric United States and the largest electrically-driven ship of 
drives totalling 566,250 s.h.p. and 38 Diesel-electric her class in the world. The California is a twin-screw 
drives totaling 33,800 s.h.p. ship with a displacement of 30,250 tons at load draft. 
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The maximum energy delivered to her propeller 
shafts is 17,000 s.h.p. and a speed of 18 knots can 
be maintained with this power input. At the cruis- 
ing speed of 16.5 knots, the output of the turbine- 
generator is 13,500 s.h.p., and at this speed the ship 
has a cruising radius of 15,400 miles. 

The propelling equipment comprises two 16-stage, 
steam-turbine generators, each having a maximum 
capacity of 6600 kw. at 2880 r.p.m. This power is 
transmitted to the propeller shafts by means of two 
synchronous-induction type motors having a con- 
tinuous maximum rating of 8500 s.h.p. at 120 r.p.m. 
These motors (Fig. 10) are direct connected to the pro- 
peller shafts and are reversible so that no reversing 
turbines are required. Both propelling motors can be 
operated at about three-quarters of their rated out- 
put by the current supplied from one of the two tur- 


The electric auxiliaries for use when under way are 
driven from the main unit directly or from a motor- 
generator set which operates from the main unit, 
while the electric equipment for unloading cargo 
in port is driven directly from the main unit. When 
under way, a variation in the revolutions per minute 
of the propeller is accomplished by varying the 
speed of the turbine. In port, the main turbine is run 
at constant speed and, in case maneuvering is re- 
quired simultaneously with the unloading operation, 
variation in the propeller speed is accomplished by 
means of resistance inserted in the secondary circuit 
of the propelling motor. 


Diesel-electric 
Early in the year the new Diesel-electric coast- 
guard cutter, Northland (Fig. 11) was launched, and 


U. S. Coast Guard Cutter Northland Equipped 
with Diesel-electric Drive 


Fig. 11. 


bine-generators, thus insuring economical cruising 
at reduced speed. 

The California was launched October 1, 1927, 
and work on a second ship of the same size, to be 
provided with electric propelling equipment of the 
same power, is already under way. 

The second of the turbine-electric self-unloading 
limestone carriers for the Bradley Transportation 
Company went into service in July, 1927, and, in 
addition to being the largest bulk freight carrier on 
the Great Lakes, is of exceptional interest due to the 
unusual features of her equipment. 

The power developed is normally about 4200 s.h.p., 
but the turbine-generators are capable of a maximtim 
continuous output of 4800 s.h.p. The steam condi- 
tions represent a marked advance over ordinary 
marine practice in that the turbines are supplied 
at 300 lb. pressure and a total temperature of 700 deg. 
F., and will operate on a 28)4-in. vacuum. 


Fig. 12. 1000-s.h.p. Double-armature Propeller Motor, Looking Aft. 


The dark disk aft of the motor is the magnetic clutch 


is now serving on patrol in the Alaskan waters as the - 
successor of the famous patrol cutter Bear which 
was built in 1874. 

The main engine room equipment consists of two 
Diesel-engine-driven generators, each rated 410 kw., 
250 volts at 200 r.p.m. These supply current to a 
double-unit type, shunt-wound propeller motor. 
Each section of this motor (Fig. 12) is rated 500 h.p. 
at 120 r.p.m. The ship will develop a speed of 12 
knots with her single propeller operating at 120 
r.p.m. and the motor developing 1000 s.h.p. The 
control is located in the engine room and is of the 
variable-voltage type. 

There are some unusual features in the propelling 
equipment, one of them being the use of a magnetic 
clutch between the motor and the propeller shaft. 
Under normal conditions the motor and shaft are 
rigidly bolted together, but when cruising at reduced 
speed in the ice fieids the bolts will be removed and 
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the power transmitted through the. magnetic clutch. 
This will transmit a torque equivalent to 500 s.h.p. 
at 95 r.p.m., but any increase of load beyond this rating 
will cause the clutch to slip and will thus prevent 
dangerous stresses. | 

The propeller-shaft thrust bearing is of the spring- 
thrust type, and electro-hydraulic steering equip- 
ment is used. 

In addition to the main generators, there are two 
auxiliary generators mounted on shaft extensions of the 
main units and three independently-driven auxiliary 
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Equipment was under construction for an electri- 
cally-propelled packet boat designed to carry 250 tons 
of package freight at a speed of 12 m.p.hr. between 
New Brunswick (N. J.) and points in and adjacent to 
the harbor of New York. 

In this case, electric propulsion was selected pri- 
marily because the height of the engines could be 
kept down and thus allow a clear deck for package 
freight and on account of the ease with which this 
packet boat (Fig. 15) could be controlled in maneu- 
vering in congested waterways. 
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- Fig. 13. Diesel-electric Ferryboat Fresno Operated by the Southern Pacific Railroad 


generating sets. They supply current for the operation 
of 22 motor-driven auxiliaries, and for lighting. 

Four large double-end Diesel-electric ferry-boats 
were completed for the Southern Pacific Company 
for service in San Francisco Bay. 

The main power plant in each of these boats (Fig. 
13) consists of four 450-h.p. Diesel engines, each 
direct connected to a 275-kw. 250-volt shunt-wound 
separately-excited direct-current generator. Each set 
has a 40-kw. 125-volt compound-wound auxiliary 
generator mounted on the main engine-generator 
shaft. These generating sets operate at 230 r.p.m. and 
the generators are connected in series so that they 
supply current at 1000 volts to the propeller motors, 
which are of double-unit construction, shunt-wound, 
and separately excited. 

The continuous-duty rating of these motors (Fig. 
14) is 1250 s.h.p. at 100 to 130 r.p.m. with 500 volts 
on each armature. Speed control of the propellers is 
effected through voltage control of the driving motor. 

The two propeller motors are connected in series 
with each other and in series with the main gener- 
ators. In accelerating the vessel, full torque is applied 
to each propeller for a short period, after which the 
stern propeller comes up to speed while the bow 
propeller is rotated at just sufficient speed to over- 
come its own resistance and compensate for friction. 

Complete control of propulsion can be maintained 
from either of the pilot houses or the engine room, the 
control equipment being similar in appearance and 
as simple in operation as the conventional engine- 
room telegraph pedestal. 


The power plant will consist of two 250-h.p. 300- 
r.p.m. Diesel engines driving direct-connected main 
and auxiliary generators. The single propeller will 
operate at speeds up to 175 r.p.m., and the driving 
motor will develop 400 s.h.p. 

A field hitherto untouched by Diesel-electric pro- 
pulsion was opened by the decision of the U. S. Ship- 
ping Board to authorize the conversion of cargo boats 
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Fig. 14. 1250-s.h.p. Main Propulsion Motor for the 
Diesel-electric Ferryboat Fresno 


with this type of drive. The use of Diesel-electric 
equipment for these craft will permit the operation 
of the propellers at their most efficient speed and this, 
combined with certain contemplated changes in the 
hull, should give an increased speed of about one and 
one-half knots over what would be obtained by direct 
Diesel-engine drive. | 
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The engine-room equipment will comprise four 
direct-current Diesel engine-driven generators, each 
provided with an auxiliary generator mounted on 
the same shaft as the main generator. The main pro- 
pelling motor will be rated 4000 s.h.p., at 70 r.p.m. 
The control will be of the variable-voltage type, 
utilizing dead-front panels, and all of the auxiliaries 
will be electrically driven. 3 

Another novel application of Diesel-electric drive 
was inaugurated by the Bureau of Light Houses (of 
the U.S. Department of Commerce) by its decision 
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Auxiliaries 

The new single-geared type of motor-operated deck 
winch, in which the driving motor is designed so that 
a minimum accelerating torque is required on average 
loads, was installed on the new International Mercan- 
tile Marine liner. This is the first extensive application 
of these winches and is the result of their ability to 
give high tonnage rates with low power consumption. 

The new 10,000-ton light cruisers for the United 
States Navy impose severe limitations on the weight 
of both the main and auxiliary machinery in order to 
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Fig. 15. A New Type of Packet Boat Designed for Diesel-electric Propulsion 


to adopt this method of propulsion for three new 
light ships. The equipment for each ship will con- 
sist of four 75-kw. main generators and two 714-kw. 
separately-driven auxiliary generators, the single 
propelling motor for each ship being rated 350 s.h.p. 
at 300 r.p.m. | 

In this case, the propelling equipment will be util- 
ized intermittently as the light ships when in service 
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Fig. 16. Train of Four Cars, each Driven by Four 140-h.p. 
Motors, on the Chicago, Aurora & Elgin Railroad 
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are at anchor most of the time. In severe weather, 
the propulsion equipment will be used to take the 
strain off the anchor chains and will, of course, be 
utilized for maintaining position in the event of the 
breaking of the moorings. 


keep the tonnage of these ships within the limitations 
of the Washington Treaty and at the same time permit 
them to carry the desired armament. 

Work on twenty-four 250-kw. 10,000-r.p.m. tur-. 
bine-geared direct-current generating sets is now 
under way, and the adoption of geared connection 
between the high-speed turbine and the generator 
has effected a marked reduction in weight as compared 
with standard equipment. These sets are for the oper- 
ation of motor-driven auxiliaries on the cruisers. 


ELECTRIC RAILWAYS 


Activities in the electric railway equipment field were 
concentrated mainly upon the modernization of rolling 
stock. Existing cars were replaced with equipment 
better suited to modern transportation requirements, 
including motors and control of the latest design. 

In the heavy electric railway field, fifteen large new 
cars each using four 140-h.p. motors and multiple- 
unit control (Fig. 16) were placed in service by the 
Chicago, Aurora & Elgin third-rail line. The Mil- 
waukee Electric Railway & Light Company replaced 
older motors on its suburban line with 36 modern 
motors each of 140-h.p. rating. 

The New York Central Railroad equipped eleven 
additional motor cars (Fig. 17) for its suburban 
service with air control and 200-h.p. motors and 
started rebuilding operations on existing motor cars: 
lengthening the bodies to increase seating capacity, 
without changing the electrical equipment. For use on 
the Hudson and Manhattan lines, the Pennsylvania 
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Railroad Company added sixteen cars each equipped 
with multiple-unit control and two 200-h.p. motors. 

A number of street railway systems adopted ex- 
tensive programs involving the use of modern light- 
weight cars. The Eastern Massachusetts Street Rail- 
way and the Worcester Consolidated Street Railway 
each placed in service 50 new double-truck cars each 
having four 35-h.p. motors and platform control. 
Forty similar equipments were placed in service by 
the Georgia Railway & Power Company on the 
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Cleveland Railways, East St. Louis & Suburban United 
Railways of St. Louis, Boston Elevated Railway, De- 
troit Street Railway, and Montreal Tramways. They 
are equipped with four motors each of 35-h.p. rating. 


Gas-electric Buses 

Many of the street railway companies which are 
supplementing rail transportation with motor buses 
adopted electric drive. The principal additions to 
gas-electric bus fleets include 50 double-deck and 


Fig. 17. 
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New York Central Railroad Train Showing Improved Motor Cars Equipped with 200-h.p. Motors 


Fig. 18. Transcontinental Train “Olympian” Leaving Seattle Hauled by 
260-ton, 3000-volt Gearless Locomotive 


Atlanta lines and twelve on the Macon lines. The 
Detroit Street Railway added sixty-two, and the 
Twin City Rapid Transit Company added twenty-five 
light-weight four-motor cars. 

Other lines in the mid-west adding this type of 
equipment include the Gary Street Railway, the 
Rockford Interurban, the Milwaukee Electric 
Railway & Light, and the Chicago, North Shore & 
Milwaukee; in the south, the Northern Texas Trac- 
tion Company and the New Orleans Public Service 
Company. 

Trial installations of a new type of car using auto- 
motive propeller shaft drive were operated on the 


174 single-deck buses placed in service by the Mitten 
Management Corporation in Philadelphia and Buf- 
falo, 107 by the Public Service Transportation Com- 
pany in New Jersey, and 20 by the Capitol District 
Transportation Company in Albany. During the 
coming year this latter company will add to its fleet 
several new single-deck buses each seating 42 passen- 
gers. This is said to be the largest seating capacity 
of any single-deck bus yet built. 

Experiments were conducted on an electric trans- 
mission suitable for use on taxicabs. This develop- 
ment progressed sufficiently to place a cab in service 
in Philadelphia to obtain actual operating experience. 
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Steam Railroad Electrification 

Practically no new projects were put forward dur- 
ing the year but a number of the existing electrifica- 
tions were extended. The Chicago, Milwaukee & St. 
Paul Railway which had twice previously increased 
the length of its electric zone completed the electrifi- 
cation of its entrance into Seattle by a 10-mile double- 
track line from Black River Junction. This new line 
(Fig. 18) was placed in service without the addition 
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The Paulista Railway in Brazil made a third ex- 
tension of its electric zone (Fig. 19) bringing the total 
up to 177 miles, thereby completing the electrifica- 
tion of its broad-gauge lines between Jundiahy and 
Rincao. Any further electrification by this company 
will probably be accompanied by a widening of the 
present narrow-gauge lines. Reports by the officials 
of this system continue to testify to the savings re- 
sulting from electrification. 


Fig. 19. 


g E * A te ig 
; ee 


r; eae 


150-ton Passenger Locomotive, Paulista Railway (Brazil) 
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Fig. 20. 66-ton Locomotive for the Anglo-Chilean Consolidated Nitrate Corporation 


of substations or locomotive equipment, the only ex- 
pense being for the installation of overhead distribu- 
tion and rail bonding. 

The Mexican Railway Company completed its 
second addition to the original line and is now oper- 
ating electrically between Esperanza and Paso del 
Macho, a distance of 62 miles. In this case it was nec- 
essary to installa second substation using two 15C00-kw. 
motor-generator sets to supplement the two 3000-kw. 
units originally installed in the Maltrata Substation. 


Equipment for the Anglo-Chilean Consolidated 
Nitrate Corporation including automatic substations, 
overhead distribution and locomotives (Fig. 20) went 
into service in September. In anticipation of a gradual 
increase in traffic requirements with electric operation, 
twoadditional locomotivesarenow underconstruction. 

In the United States perhaps the most interesting 
work on railroad electrification is that being done by 


(1)Specific data on this subject are contained in the artrele, * *Eoonomies 
Effected by the Electrification of the Paulista Railway,” by S. B. Forten- 
baugh, GENERAL ELECTRIC Review, Dec., 1927, p. 595. 
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the Great Northern Railway in the state of Wash- 
ington. Electric operation between the Cascade 
Tunnel and Skykomish is to be extended through the 
new tunnel to Wenatchee before the end of 1928. 
Two motor-generator-type locomotives, which are 
the largest single-phase units so far built (Fig. 21), 
began operation in August, 1927, and two more units 
of the same type are now under construction together 
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Pennsylvania Railroad comprising 30 single-phase 
motor-car equipments and substation switching 
apparatus includes a new type of air circuit breaker 
with high-speed characteristics similar to those for 
direct-current installations. These breakers have a 
normal rating of 1500 amp. and will be used on 11,000- 
volt 25-cycle circuits. Oil circuit breakers involving 
the same operating principle are also to be used. 


Fig. 21. 260-ton, 11,000-volt A-c.-D-c. Locomotive Built for the Great Northern Railway Company 
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Fig. 22. Gas-electric Motor Car for United Railways of Havana, Equipped with One 
275-h.p. Engine-driven Generator and Driven by Two Motors 


with equipment for a second frequency-changer sub- 
station located at Wenatchee. l 

The New York Central Railroad is actively working 
on the electrification of its west side yards which will 
be operated. from an overhead trolley north of 60th 
Street. Below this point self-propelled oil-electric and 
storage battery units will be used, one of which is 
already in service. This unit is a 120-ton locomotive 
equipped with a storage battery and a 300-h.p. oil- 
engine generating set for battery charging. It will 
also operate from the third rail. 

Equipment for the Wilmington Division of the 


Electrical equipments for four 200-ton locomotives 
which will be used on the New York Division utilize 
motors which are suitable for operation on either 
alternating or direct current. 


Oil-electric Locomotives 

Interest continued in the performance of the oil- 
electric locomotive, a number of which have now been 
in service for a sufficient period to demonstrate the 
economies and other operating advantages of this 
type. Two 100-ton units are now in heavy switching 
service on the Erie Railroad and 60-ton units were 
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completed for the Chicago & Northwestern Railway, 
the Union Carbide Company, and the American 
Rolling Mills Company. 

Work is proceeding on the oil-electric freight and 
passenger locomotives for the Putnam Division of 
the New York Céhntral Railroad and a 300-h.p. oil- 
electric motor car is ready for service. | 
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Among the more important additions to existing 
equipment are sixteen cars to be placed in service by 
the Chicago, Burlington & Quincy Railroad, one 
single-unit and two double-power-plant equipments 
by the Mobile & Ohio Railroad, ten single-unit power 
plants by the Seaboard Air Line, and three dual- 
power-plant cars by the New York Central Railroad. 
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Fig. 23. Typical 20-ton Industrial-type Gas-electric Locomotive 


Train Communication 

Equipment for radio communication -between loco- 
motive and caboose or between train and station was 
perfected and is giving very satisfactory service on a 
locomotive operating on the main-line fast-freight 
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Fig. 24. Cable-reel Gathering Locomotive Provided 
with “Sealed Equipment” 


service of the New York Central Railroad. A set has 
also been developed for use in classification yards for 
directing the operations of the various engines from 
the yard director’s office. 


Gas-electric Cars 

As a natural result of its profit-making possibili- 
ties, the gas-electric car for branch-line and local 
main-line service continued to show an increased use. 


The Chicago, Milwaukee & St. Paul Railway is 
supplementing its fleet of gas-electric cars with ten 
275-h.p. modern cars. 

A single-unit-power-plant car was shipped to the 
Victorian Railways of Australia for trial on the State 
Lines around Melbourne. Another foreign shipment 
includes eight cars (Fig. 22) for the United Railways 
of Havana. In all, about 60 of these cars were 
placed in service during the year. 


Special Type Locomotives 

An interesting application of electric transmission 
is being made on industrial-type locomotives, weigh- 
ing from 10 to 30 tons (Fig. 23), by using automotive- 
type engine and generating sets to secure the flexi- 
bility of operation inherent in this type of drive. 

A new combination trolley and storage battery 
type of locomotive is to be used by the Chicago, 
North Shore & Milwaukee Railroad for yard switch- 
ing. Two units each weighing 70 tons are under con- 
struction and will use motor-generator sets for charg- 
ing the battery when running from the trolley. 


MINE LOCOMOTIVES 


A new type “sealed equipment” cable reel gather- 
ing locomotive (Fig. 24) is provided with two 30-h.p. 
motors, contactor control of the progressive series- 
parallel type, and a motor-driven cable reel with 450 ft. 
of double-conductor, concentric, rubber-covered cable. 

The traction motors, the cable-reel motor, cable- 
reel collector rings, control, headlights, and all parts 
of the equipment with the exception of the trolley 
pole and the reel cable are completely enclosed in 
strong cases which are designed to prevent any gas 
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explosions that may occur within these cases being 
transmitted to the surrounding atmosphere. With 
the exception of the short sections of cable leading 
to the motor, where flexibility is necessary, all wiring 
(Fig. 25) is enclosed in rigid pipe conduit securely 
anchored and provided with sealed fittings where it 
enters the various compartments. The flexible motor 
cables are enclosed in heavy rubber hose, the ends of 
which are also provided with sealed fittings. 


Fig. 25. Arrangement of Rigid Conduit and Gas-tight Contactor Box 
with Cover Removed, for “Sealed Equipment” Locomotives 


The progressive ‘series-parallel control minimizes 
the necessity of running, to any appreciable extent, 
on resistance points as the motorman is forced to 
operate with the motors in series for all low-speed 
movements. Consequently, there is very little run- 
ning on resistance points, an important consideration 
in gathering work where much of the movement is at 
low speed. The locomotive has a drawbar pull of 
4000 lb. at five miles per hour. 


QUARRY LOCOMOTIVE CARS 
An interesting system of remote control for loco- 
motive cars operating on quarry tracks was developed. 
With this system a single operator, located in a tower 


-- 


Fig. 26. Body of Locomotive Car for Quarry Service Designed 
for Operation from a Stationary Control Tower 


control station from which he can see all the cars, is 
enabled to start, stop, and even to switch cars on 
different tracks. 

The electrical equipment of the cars (Fig. 26) con- 
sists of high-torque squirrel-cage motors provided 
with solenoid brakes and controlled through a pair of 
reversing contactors which throw the motors on the 
line at full voltage. Two current-collecting shoes are 
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used making contact with two “‘third rails” located be- 
tween the traction rails. The separate tracks on which 
these cars operate have isolated circuits or the cars can 
be maneuvered on a loop track with isolated sections. 

The control operator handles the cars from a pilot 
switch which actuates the reversing contactors, and 
when the current is shut off the solenoid brakes set 
automatically and decelerate the car; the torque being 
adjusted for smooth deceleration. 

This system is expected to speed up production 
and reduce operating cost inasmuch as one operator 
can in this way handle several cars whereas with the 
old system an operator was required for each car. 


Fig. 27. Stator Frame for 40,000-kv-a. Waterwheel Generator 
for Conowingo 


WATERWHEEL GENERATORS 


The first two of the four 40,000-kv-a. 13,800-volt 
81.8-r.p.m. 3-phase 60-cycle vertical-shaft water- 
wheel generators for the Conowingo Development 
of the Susquehanna Power Company were completed. 
While these generators are exceeded in capacity by 
the 65,000-kv-a. machines at Niagara Falls, they have 
greater physical dimensions owing to their lower speed. 

The maximum diameter of the stator frame is 
approximately 38 ft. and the weight of each generator 
is in excess of 500 tons. The spring-thrust type of 
suspension bearing is used and, in operation, will 
sustain a load of about 640 tons due to the combined 
weight imposed by the rotor and the hydraulic thrust. 

The stator frames for these machines are excellent 
examples (Fig. 27) of the new method of welded struc- 
tural steel construction, the weight of the frame, as 
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shown, in spite of its exceptional size, being only 
about 50 tons; the addition of the windings and lami- 
nations bringing the total weight of the stator up to 
115 tons. 

Among the large machines completed were two 
horizontal-shaft units rated 25,000 kv-a., 11,000 
volts, 450 r.p.m., for the Buck’s Creek Power Station 
of the Feather River Power Company. These ma- 
chines will operate under the exceptional hydraulic 
head of 2562 ft. 

For the first time the enclosed ventilating system 
whereby the heated air is passed through water-cooled 
radiators and recirculated was applied to large water- 
wheel generators. Two of these machines are rated 
30,000 kv-a., 11,000 volts, 300 r.p.m., 3 phase, 60 


Fig. 28. Testing the Largest Synchronous Condenser, 
Rated 50,000 kv-a. 


cycles and will be installed in the Lake Chelan De- 
velopment of the Washington Water Power Company. 
The atmospheric temperatures at Lake Chelan are 
frequently high and at the same time an ample sup- 
plv of low-temperature cooling water is available, so 
that, by the use of the enclosed ventilating system, 
the maximum generator output may be maintained 
throughout the period of summer operation. 

This system of cooling was also utilized for eight 
12,550-kv-a. 14,000-volt 100-r.p.m. 3-phase 60- 
cycle units for the Louisville, Kentucky, Gas and 
Electric Company. In this case, the hydraulic ma- 
chines are to be operated in conjunction with a steam 
plant and the use of the enclosed ventilating system 
provides complete protection to the windings of the 
generators from dust or fumes, as well as permitting 
a positive control of the operating temperature. 

The construction work for foreign installations in- 
cluded ten waterwheel generators for Japan with an 
aggregate capacity in excess of 120,000 kv-a. These 
consisted of two 20,000-kv-a. 11,000-volt units; two 
rated 13,000 kv-a., 12,000 volts; and six rated 9400 
kv-a., 11,000 volts—all being of the vertical-shaft 


type. 


SYNCHRONOUS CONDENSERS 

Three record-size synchronous condensers (Fig. 
28) were completed for use in regulating the voltage 
on the 220,000-volt transmission lines of the Southern 
California Edison Company. They are rated 50,000 
kv-a., 3 phase, 50 cycles, 13,200 volts, 60 r.p.m. The 
total weight of each condenser with its exciter is 375,- 
000 lb. and the overall dimensions are 2614 ft. long, 16 
ft. wide, and 12 ft. high above the bottom of the base. 

Each machine is designed for operation with sur- 
face air coolers located in the pit beneath the base; 
the blower effect of the rotor being ample to circulate 
the amount of cooling air required. 

The great size of these machines permitted, in the 
stator windings, the economical use of the trans- 
posed-bar conductor that has been employed ex- 
tensively in turbine alternators. Such a winding 
has practically no circulating current, and can be 
installed or removed without distorting the ends. 
Each bar consists of a single conductor made up 
of a large number of asbestos-covered strands. 
Two such bars when installed make up a one- 
turn coil similar in appearance to the conven- 
tional barrel-type coil. The eddy- or circulating- 
current loss within the conductor is reduced to a 
minimum by the fact that each strand in travers- 
ing the length of the core occupies every possible 
position in the depth of the bar. 

Since there is only one turn on a coil, a failure 
between turns is impossible unless the external 
insulation is destroyed. 

The field spider consists of four sections shrunk 
onto a heavy forged-steel shaft; each section being 
madeup from one-piecesteel plates. Arotormadein 
this way can have no hidden flaws and is therefore well 
adapted to carry the centrifugal force of 3,000,000 1b. 
which each pole exerts when running at normal speed. 

A smaller condenser for the New England Power 
Company and another for the Appalachian Electric 
Power Company are of unusual interest because they 
are designed for outdoor operation and for the use of 
hydrogen gas as a cooling medium. 

The New England Power Company’s machine 
has the equivalent capacity of 10,000 kv-a. when 
operated in air and an expected capacity of 12,500 
kv-a. when operated in hydrogen. It is calculated 
that the losses when operating at 12,500 kv-a. in 
hydrogen will be practically the same as when 
carrying 10,000 kv-a. in air. This saving in losses is 
caused primarily by the reduced windage when oper- 
ating in hydrogen. The machine is shaped like a 
gigantic capsule, the capsule being the stator frame 
with heavy steel end-bells. The stator core and rotor 
are on the inside of the frame as are also the bearings. 
This construction requires only static joints to seal 
against the escape of hydrogen. 

For cooling the hydrogen, semi-circular fin-type 
surface coolers are placed inside the frame with the 
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headers coming to the outside for attaching the water 
connections. Thus the machine is entirely self-con- 
tained and well adapted for outdoor installation. 


SYNCHRONOUS CONVERTERS 
Four synchronous converters, each rated 4000/5800 
kw., 167 r.p.m., 400/580 volts, direct current, 
10,000 amp., 25 cycles, shunt-wound, were designed 
for service in an electrolytic zinc plant. They are 
provided with individual transformers with load- ratio 


Fig. 29. 150-h.p., 1800-r.p.m., Synchronous Motor, Showing 
New Standardized Construction 


control equipment, and a single synchronous motor- 
generator set is used for supplying the starting current. 

The unusual direct-current-voltage range (400 to 
580 volts) is obtained under load by a combination of 
tap changing in the main transformers and shunt- 
field control of the synchronous converters. These 
are the largest machines of this type designed for this 
method of control. 


MOTORS 
Due to the increased use of general-purpose syn- 
chronous motors, there was considerable progress made 
in the standardization of this type. To a large extent, 
induction-motor framesand parts were adopted and this 


Fig. 30. Three-phase, Totally-encloeed, 
Fan-cooled Motor 


type. of motor (Fig. 29) is now nearly as well standard- 
ized as the corresponding induction motor. It uses the 
same compensator and has the same starting torque 
and current, but has better efficiency and power-factor. 

The demand for low-speed synchronous motors to 
drive compressors for air conditioning in theaters 
and other public buildings showed a notable increase, 
and about 12,000 h.p. of this type of motor was so 
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utilized in 1927. A synchronous motor was designed 
for across-the-line starting. It is rated 350 h.p. and is 
typical of the modern synchronous motor now avail- 
able for heavy starting duty with simple control. 
Supplementing the existing line of totally-enclosed, 
fan-cooled, direct-current motors, these features were 
applied to a’similar line of induction motors. These 
motors (Fig. 30) are intended for operation on 2-phase 
or 3-phase, 60-cycle circuits and are available in 
ratings from 2 to 15 h.p., 220, 440, and 550 volts. 
They are cooled by means of copper-enclosing disks, 
located at each end of the motor, which absorb heat 
as generated directly from the stator windings. The 
heat radiation is effectively assisted by the circulation 
of the internal air at both ends by the motor fans. 
Either ball bearings or sleeve bearings can be used 
and the dimensions of the motors are such that either 
type of bearing may be used interchangeably. 
Improvements were also made in larger induction 
motors of the totally-enclosed fan-cooled type which 
permitted their construction in smaller frames, for a 
given capacity, than had previously been possible. 


Fig. 31. 


Rotor of Induction Motor, Showing Location and Appearance 
of Cartridge-type Housings for Ball Bearings 


By means of a longer end-shield on the end opposite 
the pulley, the slip-ring type of motor can be adapted 
for this construction. 

A new cartridge-type of ball-bearing housing was 
provided which is so constructed that by taking out 
the screws locking the housings to the end-shields the 
rotor can be removed (Fig. 31) with the housings still 
around the ball bearings. This new type of ball- 
bearing housing has been so far adopted only for the 
smaller sizes of general-purpose motors. 

A new line of high-reactance normal-torque squirrel- 
cage induction motors was designed for full-voltage 
starting by means of a small magnetic line switch. 
It has as good and in some cases slightly better starting 
torque with the same starting current as the ordinary 
squirrel-cage type of motor started with a compensa- 
tor. It is now available in ratings from 714 to 100 h.p.; 
and up to 30 h.p. these machines will meet the accepted 
limits of starting current even when started on full 
voltage. 

In order to meet the requirements of permissible 
equipment in gaseous mines, 1-h.p. 3-h.p. and 5-h.p., 
direct-current, 250- or 500-volt, 1200-r.p.m., explosion- 
proof motors with self-contained starting control 
were developed, and a number have already been 
placed in service. 
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These motors (Fig. 32) have ball bearings and 
special insulation and will carry their rated load 
continuously with a temperature rise not exceeding 
75 deg. C. The protection against internal explosions 
reaching the surrounding atmosphere is by total 
enclosures and not by the use of baffles. 

The application of high-speed motors is increasing, 
both as to the number of motors and the speeds 
employed. Motors directly applied to grinding 
spindles are a part of the regular production equip- 
ment in the ball-bearing industry today. The small 
diameter wheels required for the work necessitate 
high rotating speeds. Squirrel-cage motors to operate 
at speeds up to 32,400 r.p.m. and generators to supply 
these motors with 540-cycle 3-phase power are now an 
essential part of the plant equipment. 

It is interesting to note that drawn-shell motors, 
standard in every respect, were applied although the 
operating speedsareextremely high. These applications 
were made after two years’ experience with hundreds 
of motors operating at 18,000 and 25,200 r.p.m. involv- 
ing frequencies of 300 and 420 cycles, respectively. 

All single-phase motors have an inherent double- 
frequency torque pulsation which gives rise to some 
noise and vibration. To absorb these disturbances, 
some fractional horse power motors were mounted in 
rubber. An example is a 1/30th-h.p. split-phase motor 
of the usual construction but with unusual mounting. 


Fig. 32. 3-h.p., 1200-r.p.m., 250-volt, Compound-wound 
Explosion-proof Motor for Coal-mine Service 


The base of the mounting has vertical supports 
going up through the ventilating holes in the bottom 
of the end-flanges of the motor and offset around the 
shaft (Fig. 33) so that the top of the support is 
directly over the shaft and some distance above it. 
There are two holes in each support, one above and 
one below the shaft with rubber bushings in these 
holes. Two pins extending inward from the end-flange 
engage these rubber bushed holes and support the 
motor. The motor is thus supported entirely from 
these pins in the end-flange and there are no metal- 
to-metal contacts between the motor and its mounting. 

This rubber mounting has two advantages over a 
rigid mounting in that it eliminates a large part of 


the vibration normally transmitted to the apparatus 
on which the motor is mounted and it also reduces the 
usual motor noise to a minimum, as the motor can 
produce noise only by vibrations in the relatively 
small surface of its own frame. 

Until recently, fractional horse power motors were 
used principally on applications which require only 
intermittent duty, but with the development of 
electric. refrigeration for the home there arose a 
demand for a motor which has high values of starting 
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Fig. 33. 1/30-h.p., Split-phase Motor, Showing 
Arrangement of Rubber-bushed Supports 


torque, efficiency, and power-factor because economy 
in current consumption is important in the operation 
of refrigerators. 

For this service, a capacitor motor was designed 
which is essentially a two-phase motor with a squirrel- 
cage rotor, one phase of the motor being connected 
directly across the source of supply and the other 
phase connected in parallel with the first phase 
through a capacitor. In order to secure best operation, 
it has been found desirable to make a change in con- 
nections on the capacitor as the motor comes up to 
speed. This change is made by the use of a simple 
centrifugal device which operates a single-pole double- 
throw switch. 

The motor develops high starting torque for a low 
value of starting current and has high efficiency and 
high power-factor. Due to the fact that it has no 
commutator or brushes, it is extremely quiet and 
causes no radio interference except one slight click 
when the centrifugal switch operates. ` 

Magnetic noise has been almost eliminated bv 
careful design, and because the motor operates as a 
polyphase motor the characteristic hum of a true 
single-phase motor is absent. 

MOTOR CONTROL 
Motor Control 

A number of blast-furnace skip-hoist equipments 
were designed for generator-voltage control instead of 
the rheostatic control which has been used almost 
exclusively for this service in the past. One such 
equipment for the Bethlehem Steel Company uses a 
two-motor drive operated from a single generator, 
the two-motor drive permitting operation at reduced 
capacity in case of the failure of either motor. The 
load on this skip varies widely in handling coke or ore, 
and generator-voltage control is particularly suitable 
because of the accurate low speeds which can be 
obtained for dumping the skip regardless of the load. 


22 January, 1928 


This method of control was also applied in the opera- 
tion of a 100-ton freight-car elevator. The car is started 
by means of a push button and is automatically slowed 
down and stopped at the track level by limit switches. 
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Fig. 34. Motor-operated Field Rheostat for 
Propeller-shaft Motor Control 
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ferryboat. There are three 600-kw. engine-driven 
generators which have their armatures in series and 
their fields in parallel. They are separately excited 
through the reversible and adjustable motor-operated 
field rheostat. With this generator-voltage system, 
the direction of rotation and speed of the propeller 
are governed by the direction and strength of the 
current through the fields of the three generators. 

The motor-operated rheostat is controlled from the 
pilot house by a master switch, the handle of which 
can be set for the desired speed in either direction. 
At the top of the rheostat is a limit switch which 
moves with the field rheostat and automatically 
positions it to correspond with the position of the 
master switch. 

A control panel for three 100-h.p. double-motor 
newspaper-press drives (Fig. 35) permits the operation 
of numerous presses in various combinations. It also 
permits adjacent drives to be operated in parallel for 
straight-run newspaper production, and, by means of 
the equipment, the control stations on the various 
presses may be transferred from one drive to the other. 
Provision is also made for warning signals to be given 
automatically before starting the presses. 

Heretofore, the control of dynamometers used in 
testing internal-combustion engines has been effected 
by manual operation, but a full-automatic control for 
this service has now been developed. The new equip- 
ment (Fig. 36) permits mounting the master panel 
on the dynamometer base, thus providing complete 
automatic control at the point where the testing is 
being done. The motor-operated field and armature 
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Fig. 35. Six-motor Automatic Printing-press Controller 


A motor-operated field rheostat of unusual con- 
struction (Fig. 34) was produced for controlling the 
operation of two motors connected in series and 
mounted on the propeller shaft of a Diesel-electric 


rheostats and the absorption resistor can be installed 
at any convenient place. 

The master panel has a field-reversing switch, and 
several push buttons for starting and stopping the 
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apparatus, as well as for controlling the motor- 
operated rheostats on the control panel. A vernier 
rheostat is mounted on the master panel for fine 
adjustment of the dynamometer field and a set of 
instruments gives complete indication of the voltage 
and current under all operating conditions. 

Push-button operated switches for throwing 
small squirrel-cage induction motors across the 
line have been widely used in the last few years in 
all industries, and three new forms were produced 
which embodied some radical changes. They have 
bases made of moulded compound, and the shafts of 
the magnetic contactors which were formerly made 
of steel with an insulating casing are now made of 
moulded textolite. This insures permanent insulation 
and non-corrodible bearings. 


Fig. 36. Automatic Dynamometer Control and Master Panels 


The contactor for the 5 and 7)4-h.p. size has 
a magnet of the solenoid type which requires less 
power for operation than the common clapper type 
and has the advantage of materially increasing the 
speed of the contactor on opening begause its core 
drops vertically rather than falling over or away 
from a vertical position. This increased speed of 
opening combined with the use of double-break 
silver contacts, which are unusual in magnetic-switch 
construction, materially improves the contactor’s 
arc-rupturing ability, particularly on 550-volt circuits. 

A small pressure switch for use with motors up 
to 3 h.p., driving air-compressors or house pumps, has 
a double-pole double-break switch mechanism with 
silver to copper contacts. Operation is controlled over 
a range of 0 to 200 1b., and a range adjuster is 
provided for changing the differential between the 
cutting-in and cutting-out pressures. 

A new, small, geared-type, limit switch was devel- 
oped for use on small motor-driven machines to 
stop the motor at each end of travel. One familiar 
application of this switch is in connection with the 
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control of the opening and closing of motor-operated 
factory windows. 

A similar switch of heavier design can be applied 
to the control of larger motors. It is arranged for 
several circuits, some of which can be utilized for 
slowing down the motor before the final stopping 
point is reached. Switches of this type have already 
been used for steel-mill motor control. 


Fig. 37. Solenoid Brake, Showing Method of 
Removing Wheel 

An improved line of solenoids has mechanical parts 
which are the same for both alternating and direct 
current, and the coils for both forms of current are 
also interchangeable mechanically. These solenoids 
are unusually efficient and require only about one- 
third as much material for doing a given amount of 
work as compared with previous designs. 

In an improved line of solenoid brakes (Fig. 37), sim- 
plicity of designand strength of constructionareempha- 
sized. The solenoids are mechanically interchangeable 
for both alternating-current and direct-current brakes. 

The larger sizes are most frequently used in heavy- 
duty service, such as is found in steel mills. Since 
quick removal of mill-motor armatures is sometimes 
necessary, the solenoid brakes for these motors were 
designed for rapidly and easily removing the wheel 
from the brake. 


Fig. 38. 50-h.p. 550-volt Compensator Installed in 
Dust-tight Boiler-plate Case 


Industrial users are giving more attention to the 
protection of electrical control apparatus from dirt, 
dust, corrosive fumes, etc., because delays in pro- 
duction are becoming increasingly expensive. In some 
industries, a number of controllers can be grouped in a 
dust-tight fire-proof control room but where it is desir- 
able to have the controller located near the operator or 
the machine, dust-tight cast-iron and boiler-plate cases 
have been adopted. The smaller cases are made of 
cast iron, but in the larger sizes (eight cubic feet 
capacity or more) boiler-plate cases (Fig. 38) are used. 
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STEEL MILLS 
The decreased activity in the iron and steel indus- 
try resulted in a considerable reduction, as compared 
with the year 1926, in the number and total horse 
power of electric motors (Figs. 39 and 40) applied to 
main roll drives. In spite of this, however, the year’s 
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Fig. 39. Three 2000-h.p. 600-volt Direct-current Motors Driving Finishing Stands of 21-in. 
Continuous Sheet, Bar, and Skelp Mill 


additions brought the total installed capacity of 
G-E rolling mill motors, of 300 h.p. and above, to 
more than 1,000,000 h.p. 

A large equipment of unusual interest was placed 
in operation at the Lackawanna Plant of the Beth- 
lehem Steel Company. The mill to which the motors 
were applied is used to 
produce wide flange | Y =: 
beams. It consists of three | = 
units: a 54-in reversing | 
blooming mill, a 48-in. 
intermediate mill, and a 
48-in. finishing mill. The 
blooming mill, which is 
one of the two largest re- 
versing blooming mills in 
this country, is driven by 
a single-unit direct-cur- i 
rent reversing motor rated ET = 
7000 h.p. continuously at 
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50 deg. C. rise and 65/125 r.p.m. The second stand, 
known as the supplementary mill, is driven by a 
direct-current reversing motor rated 1500 h.p. con- 
tinuously at 50 deg. C. rise and 65/225 r.p.m. The 
flywheel motor-generator which furnishes power to 
both these reversing motors consists of a 5000-h.p. 
375-r.p.m. 6600-volt in- 
duction motor (duplicate 
of that on the blooming 
mill set), two 3000-kw. 
generators for the main 
motor, a 3000-kw. gener- 
ator for the supplement- 
ary motor, and a 50-ton 
flywheel. 

The 48-in. finishing mill 
equipment is exactly the 
same as that used to drive 
the intermediate mill. The 
total capacity of the main 
equipment for the bloom- 


ing, intermediate, and 
finishing mills is about 
71,000 h.p. 


The layout of the rail 
mill at the Lackawanna Plant of the Bethlehem Steel 
Company will be changed. The 44-in. reversing bloom- 
ing mill will have a driving motor rated 7000 h.p. 
continuously at 50 deg. C. rise and 50/120 r.p.m. 
Blooms from this mill will go to a 36-in. reversing 
roughing mill which will be driven by a direct-current 
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ble of exerting a maximum 
torque of 2,400,000 1b. at 
one foot radius. Direct 
current is supplied from a flywheel motor-generator 
consisting of a 5000-h.p. 375-r.p.m. 6600-volt induc- 
tion motor, a 50-ton flywheel, and two 3000-kw. 
750-volt generators which are operated in parallel. 
The 48-in. intermediate mill consists of two sepa- 
rately-driven stands of rolls. The main stand has two 
horizontal and two vertical rolls, and is driven by a 
reversing motor rated 7000 h.p. continuously at 


Fig. 40. Motor Room of Continuous Strip Sheet Mill, Showing Four 2000-h.p. Direct-current 
Motors and Three Motor-generator Sets for Current Supply to the Motors 


motor rated 5000 h.p. continuously at 50 deg. C. rise 
and 50/120 r.p.m. Power for these two reversing motors 
will be obtained from a single, flywheel motor-gener- 
ator consisting of an 8000-h.p. 375-r.p.m. 6600-volt 
induction motor, two 3000-kw. 375-r.p.m. 750-volt 
generators operating in parallel to supply power to 
the 7000-h.p. blooming mill motor, two 2200-kw. 
450-volt generators operating in series to supply 
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power to the 5000-h.p. roughing mill motor, and a 
75-ton flywheel. 

The increase in the use of synchronous motors for 
main roll drives was made noteworthy by seven such 
applications totalling 12,600 h.p. The largest of these 
was rated 5000 h.p. continuously at 40 deg. C. rise 
and 100 r.p.m., 2200 volts, and will be used to drive 
a 19-in. continuous sheet bar mill at the Kokomo 
Plant (Ind.) of the Continental Steel Corporation. 
A motor of the same horse power rating but at 240 
r.p.m. will be used to drive a 5l-in. piercing mill in- 
stalled by the Standard Seamless Tube Company of 
Economy (Penn.). The remaining five motors, two 
of which are 400 h.p. and three 600 h.p., will drive 
copper and brass rolling mills. 


CENTRIFUGAL COMPRESSORS 

The floatation process for the recovery of copper 
from very low grade ore with the Callow cell was com- 
pletely revised so that whereas air at 5-lb. pressure 
was formerly required satisfactory results are now 
obtained with 1.5 lb. Compressors for this service are 
built in large volumetric capacities, and because of 
the steady load conditions synchronous-motor drives 
are used. Two units of this type (Fig. 41) rated 
60,000 cu. ft. per min. at 2.5 lb. or 95,000 cu. ft. per 
min. at 1.5 lb. capacity were under construction for 
the Nevada Consolidated Copper Company. 

Compressors of low-volumetric capacities but with 
comparatively high pressures were made possible by 
employing speed increasing gears and single-stage 


Fig. 41. 


60,000-cu. ft. per min. 3.4-Ib. Pressure 3600-r.p.m. Centrifugal 
Air Compressor Driven by Direct-connected Synchronous Motor 


Equipments placed in operation during the year 
for continuous rolling of wide hot strip included eight 
large motors totalling 16,000 h.p. at the plant of the 
Weirton Steel Company at Weirton (W. Va.). Three 
of the motors are each rated 1500 h.p. and take their 
power direct from the 6600-volt 60-cycle power sup- 
ply. Of the five motors on the finishing stands, two 
are of 2000 h.p., 200/400 r.p.m., 600 volts, direct 
current, and three are of 2500 h.p., 200/400 r.p.m., 
600 volts direct current. 

The hot-strip mill of the Trumbull Steel Company 
at Warren (O.) was rearranged for continuous roll- 
ing. Scherbius-controlled induction motors are used, 
the last three stands being individually driven. The 
main roll drives on this mill total 12,500 h.p. 

There was placed on the market during the early 
part of the year the new line of direct-current mill- 
type motors which were designed in collaboration 
with the Standards Committee of the Association of 
Iron and Steel Electrical Engineers, and which fully 
meets the standard specifications set up by this Com- 
mittee. 


Fig. 42. 3000-cu. ft. per min. 8.8-lb. Pressure 13,650-r.p.m. Centrifugal 
Compressor Driven Through Step-up Gear by Induction Motor 


compressors with small diameter impellers operating 
at fairly high speeds. Many of these require constant- 
pressure characteristics and use the radial-blade-type 
impeller, but in others a drooping-pressure charac- 
teristic is necessary and this is obtained with the so- 
called ‘“‘backward-flow type” of impeller in which 
the blades are curved backward. 

In the activated-sludge system of sewage disposal, 
compressors with a drooping characteristic are desir- 
able as this tends to hold constant volume, 12.e., as 
the porous stones through which the air is blown 
gradually become clogged during a period of years 
there is a tendency for the air flow to diminish, but 
this diminution is accompanied by a rise in pressure 
which in turn tends to keep the flow constant. Com- 
pressors of 2500- to 3500-cu. ft. per min. capacity at 
7-lb. pressure (Fig. 42) were built for the sewage dis- 
posal plants of the cities of Decatur (IIl.), Waco 
(Texas), Charlotte and Gastonia (N. C.). 

Modern blast-furnace practice (Fig. 43) is demand- 
ing higher plant efficiency and the latest move in this 
direction was recently made by the Youngstown 
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Sheet and Tube Company in adopting three 70,000- 
cu. ft. per min. blast-furnace compressor units with 
turbine drivers designed to operate with steam at 
400 lb. gauge, and provided with three-stage extrac- 
tion openings for heating the condensate to boiler-feed 
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included a 150-kv-a. 900-volt 2000-cycle unit for melt- 
ing steel, a 60-kv-a. 900-volt 960-cycle unit installed 
for laboratory service in a large steel plant, and a 
187-kv-a. 900-volt 800-cycle unit shipped to Sweden. 
All of these units consist of a motor-generator set 


Fig. 43. Two Centrifugal Converter Blowers Direct Driven by Steam Turbines. 
This is a typical arrangement for modern blast-furnace plants 


temperature. Steam extraction has been applied to 
many large constant-speed turbine-generators for 
feed-water heating but this is the first instance where 
this principle has been extended to a variable-speed 
blast-furnace turbine compressor. 


ELECTRIC MELTING FURNACES 


For a number of years the wrought-brass industry, 
concentrated in a comparatively few large plants, has 
used electric arc and induction furnaces almost ex- 
clusively for melting copper-zinc alloys. The cast- 
brass industry, consisting of many small plants 
widely scattered, has been slower in the adoption of 
electric heat for melting but there was an increased 
use of electric furnaces for melting brass for castings. 
The brass industry as a whole uses comparatively 
small melting units; 75 to 200 kv-a., all single phase. 
There appears to be less objection than formerly on 
the part of public-utility systems to single-phase 
loads of this character and units as large as 300 kv-a. 
have been installed. 

In the steel industry the use of the three-phase arc 
furnace (Fig. 44) followed the standard practice of the 
past two or three years and “‘electric steel” has now be- 
come a trademark to indicate a superior quality of steel. 

There was a decided growth of interest in the possi- 
bilities of cast iron of uniform analysis and of definite 
physical properties. This is one of the most promising 
fields for the electric melting furnace. 

The coreless-type induction furnace, generally re- 
ferred to as the “high-frequency furnace,” entered 
the ferrous field for the production of high-grade 
alloy steels. Completed equipment of this character 


using a three-phase motor of standard frequency and 
voltage to drive a single-phase high-frequency gen- 
erator, together with the corresponding high- 
frequency capacitor units. 


Fig. 44. 


1 14-ton 3-phase Arc Furnace of the Type Now 
Used to Produce “Electric Steel” 


ELECTRIC WELDING 


The developmental work on atomic-hydrogen arc 
welding was completed and a commercial equipment 
was produced for use on 60-cycle circuits. 

With this method of arc welding, an alternating 
current is maintained between adjustable tungsten- 
wire electrodes (Fig. 45), and hydrogen is fed to the 
arc around the electrodes. The hydrogen molecules 
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are broken up into atoms by the intense heat and, in 
recombining outside of the arc and in contact with 
the work, heat is liberated far in excess of that ob- 
tainable by any gas flame alone. This heat is used to 
fuse the metals to be joined and, where additional metal 
is required, a filler rod may be fused into the work. 

The hydrogen, being an active reducing agent, 
prevents the formation of oxides and hence produces a 


Fig. 45. 


are required in the arc, which is the reverse of the 
conditions in ordinary arc welding. The arc is struck 
at 300 volts; but while welding, the arc voltage is 
varied from 90 volts for light work to 60 for heavier, 
and the current correspondingly varied from 20 to 
70 amp. 

By this means (Fig. 46) homogeneous ductile welds 
can be made on very thin metals or on some metals 
and alloys hitherto considered unweldable. 

The line of single-operator variable-voltage arc- 
welding sets was extended by putting into production 
a new machine (Fig. 47) having a rating of 300 amp. 
for one hour, 50 deg. C. rise. It has a self-excited gen- 
erator with current adjustment obtained by shifting 
the brushes, and is driven by a standard 15-h.p. motor. 


Electrode Holder for Atomic-hydrogen Arc-welding 


Fig. 46. Atomic-hydrogen Arc-welding Equipment in Operation 


uniformly strong, ductile, and smooth weld. The metal 
being welded is not in the electric circuit and need 


not be grounded or insulated. The arc, constantly, 


maintained, but broadly adjustable in size and in- 
tensity, lends itself to a wide range of work. Welds 
are executed at rates of speed comparable with those 
attained with a single oxy-acetylene torch. 

A transformer furnishes the required voltage, and 
the current at the arc is controlled by an automatic 
reactor. In this process, high voltage and low currents 


The use of automatic welding continued to increase. 
One important field of application which showed con- 
siderable expansion was the manufacture of arc- 
welded steel pipe. The largest automatic machine 
produced during the year will weld the longitudinal 
seam of a steel pipe 36 ft. long. 

Automatic welding equipment for the manufacture 
of steel railroad ties constructed from scrap rails 
(Fig. 48) was put in service at the Colonie Plant of 
the Delaware and Hudson Railroad Company. The 
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tie consists of two pieces of worn or scrap rail cut to 
length and held together at both ends by angle bars 
which are welded to the pieces of rail. These sections 
of rail are further held together by two tie plates 
which are welded to the top or head of the rails at 
the point where the track work is clamped to the tie. 


Fig. 47. Improved Type of 300-amp. Portable Arc Welder 
with A-c. Motor Drive 


INDUSTRIAL HEATING 


A series of comparative tests on a so-called “‘jitney”’ 
lehr (Fig. 49) used for annealing bottles gave accurate 
cost data for both fuel-fired and electrically-heated 
operation. . 

The test lehr is 3 ft. in active width, approximately 
65 ft. long, and the conveyor is of woven wire. The 
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added, and further tests were run. The results were 

such as to make tests with oil unnecessary. 
Notwithstanding the fact that this test lehr was 

‘not designed primarily for electric heating, it gave 


Fig. 48. Automatic Arc-welding Machine for Fabricating 
Metal Railroad Ties 


an output of 15% tons with a current consumption 
of 240-kw-hr. or 129 lb. per kw-hr., the total con- 
nected load for the heating units being 71 kw. 
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Fig. 49. ‘‘Jitney’” Annealing Lehr on which Tests Were Run to Determine the Comparative 
Costs of Fuel Heating and Electric Heating 


lehr is designed to take the output of one blowing 
machine. The electric heating equipment is divided 
into four zones covering a total length of about 19 
ft. All of the heaters are located under the conveyor 
and consist of ribbon units mounted in slotted in- 
sulators and supported in a frame. 

The first tests were run with natural gas and the 
lehr was then modified, the electrical equipment 


Electric heating was adapted for the first time to 
the cloth singeing machines which are used in the 
finishing rooms of textile mills. The singeing was 
previously done by gas or oil heat. 

Most of the singeing machines in operation at 
present are of the horizontal type with burners or hot 
contact plates mounted in horizontal rows so that the 
cloth is in a horizontal position in its travel over them. 
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By the adoption of electric heating units, it was pos- 
sible to arrange them vertically (Fig. 50) over each 
other in two rows, so that the cloth would be in a 
vertical position when traveling over them. 

This arrangement not only makes available the 
close control of the temperature which is a character- 
istic of electric heating, but it also reduces the floor 
space required for the machine, which occupies an 
area approximately 10 ft. long by 6 ft. wide. The 
heating elements come up to operating temperature 
in 1% minutes, and, with five heating elements in 
operation, the connected load is 80 kw. The particu- 
lar singeing machine on which this installation work 
was done was built for cloth 40 in. wide, traveling at 
140 yd. per minute or 8400 yd. per hour. The power 
cost of the singeing operation under these conditions 
was about 9.5 cents per 1000 yd. 

By the use of metal-immersion cast-in type of 
heating units, two electrotype melting pots, originally 


Fig. 50. Electrically-heated Contact Cloth Singer, Showing Cloth 
in Contact with the Bars and in Running Position 


designed for gas heating, were converted to electric 
heating. A similar conversion of stereotype melting 
pots was successfully accomplished in 1926. 

The inside dimensions of the electrotype pots are 
36 by 28 by 6 in. deep, and they have a capacity of 
approximately 2400 lb. of metal. The heating equip- 
ment applied for each pot consists of six 5-kw. 220- 
volt heating elements which were placed directly in 
the pot, arranged along one 36-in. edge with the units 
in two groups of three (Fig. 51) near the pot ends. 
An automatic power-control panel was also installed. 


ELECTRIC REFRIGERATION 

As the result of experience combined with intensi- 
fied development, important improvements were made 
in the construction of household refrigerating units. 

In the new unit (Fig. 52) the operating mechanism 
is totally enclosed in a sheet-steel copper-brazed case 
and is hermetically sealed. Where the wires enter the 
case, a special type of metal-glass lead has been used 
to prevent leaks, and the joint around the bottom of the 
case is provided with a tongue-and-groove lead seal. 


As the motor 1s located inside the casing, no stuffing 
box is required and the lubrication problem is simplified 
by providing a supply of bearing oil which is prac- 
tically inexhaustible. A force-feed oiling system is used. 


Fig. 51. Electrically-heated Electrotype Metal Melting Pot, 


Capacity 2400 Ib. 


The mechanism is essentially free from noise and 
vibration inasmuch as it is mounted on springs and 
insulated not only by the casing but by the layer of 
gas which separates the mechanism from the casing. 

A simple float valve is connected in the high-pres- 
sure side of the circulating system and functions 
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Fig. 52. 


Improved Type of Refrigerating Unit 


automatically to return the refrigerant to the evap- 
orator as soon as it becomes a liquid. 

Before these units are installed in refrigerators, 
they are given what is known as the ‘‘hot-room”’ test, 
where they must maintain continuous temperatures 
below 50 deg. F. with a room temperature of 100 deg. F. 
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RESEARCH 
The large cathode-ray tube with metallic “window” 
permitting the discharge of the cathode ray outside 
of the tube had a maximum operating potential in 
1926 of 400,000 volts. During the past year this volt- 
age was increased to 900,000 by a cascade connection 


Equipment 


Fig. 54. 20-kw. Power Amplifier, 
Front View 


Fig. 55. 


20-kw. Power Amplifier, 
Rear View 


of three of these tubes. In this way the velocity and 
range of the cathode-ray discharge were considerably 
increased. 

In collaboration with the Albany Medical College, 
the effects of the cathode ray in the production of 
vitamines in yeast and other foods was studied. The 
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results have been sufficiently promising to warrant 
further investigation. 

The progress in photo-electric cell development in- 
cluded improving the sensitive surface and the cell 
construction. 

Cells were produced with an active surface con- 
sisting of a thin layer of caesium instead of the potas- 
sium or potassium-hydride formerly used. The 
caesium surface is very stable and it is not sensitive to 
quite large variations in temperature. Its color sensi- 
tivity 1s more nearly like that of the human eye, so 
that the caesium cell ‘“‘sees’’ colors practically the 
same, as does the human eye, and needs very little 
if any correction for work in photometry. 

A seven-inch cell which gives very large photo 
currents was constructed and smaller types of cells 
provided with metal cathodes which permit a much 
cheaper construction. 

The field of usefulness of the Dufour cathode-ray 
oscillograph was greatly extended by the construction 
of an instrument of the high-voltage cold-cathode 
type designed for both laboratory and field use. 
This new instrument is completely self-contained and 
portable so that it may be taken to the work and 
operated in daylight, either in the factory or in the field. 

The oscillograph with all auxiliary equipment (Fig. 
53) is mounted on two portable trucks. The cathode 
tube is mounted in a shielded dark-room and emerges 
therefrom in the form of a conical metal bell containing 
the photographic film holder. Other equipment on 
this truck includes an indicating vacuum gauge, 
exciting transformer, oscillator for timing wave, and 
control panel. 


Fig. 56. Kenotron Rectifier, 15 Amp., 4000 to 12,000 Volts, 
Direct Current 


On the second truck there are installed the 
motor-driven vacuum and water-circulating pumps 
and synchronous switch. The two units weigh 
700 lb. and require floor space about 6 ft. by 10 ft. 
The maximum power supply is 4 kw. at 110 volts, 
60 cycles. 
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RADIO TRANSMISSION 

An improved short-wave transmitter (Figs. 54 and 
55) utilizes water-cooled tubes in the output circuit 
and a rectifier to supply high voltage to the anodes 
of these tubes. An output of 20 kw. is obtained 
through the wavelength range from 14 to 40 meters. 
Wavelengths in this range are proving reliable and 
useful for communication over great distances. In 
general, a given signal intensity is produced with a 
fraction of the power required to produce the same 
signal by longer waves. 

A Piezo-electric quartz crystal is used in the low- 
power stage to insure accuracy and constancy of the 
frequency. This crystal is located in a compartment, 
the temperature of which is held constant by thermo- 
static control. The output of the crystal, which is in 
the order of a fraction of one watt, is amplified and 
the frequency multiplied through several succeeding 
stages before reaching the output circuit. Four- 
element tubes are used in several of the low-power 
stages. These tubes make it possible to obtain 
highly satisfactory operation with fewer controls than 
would otherwise be required. 

A 50-kw. broadcasting transmitter was placed in 
operation at the Bellmore Station (Long Island) of 
the National Broadcasting Company. It is composed 
of three main parts: the rectifier (Fig. 56), radio- 
frequency generating and amplifying apparatus 
(Fig. 57), and modulator. Water-cooled tubes are used 
in each part. A Piezo-electric crystal is used to insure 
frequency stability of the radio signal. 

The development and production of an improved 
microphone and amplifier has made it possible for 
broadcasting stations to obtain more faithful repro- 


Fig. 57. 


Power Amplifier for Kenotron Rectifier 
Shown in Fig. 56 


duction of sound. The effect of sound on the diaphragm 
of the condenser microphone is to change its electro- 
static capacity. When this effect 1s amplified through 
suitable tubes and circuits, a much more faithful 
reproduction of the sound is obtained than with 
devices used previously. 


The development of apparatus for radio communi- 
cation between the front and rear ends of moving 
freight trains resulted in equipment which is proving 
very useful. It comprises a radio transmitter (Fig. 
58), having an output of approximately 50 watts, 
and a receiver. This equipment is located on the loco- 
motive and similar equipment in the caboose. 
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Fig. 58. Train Communication Transmitter- 
receiver Unit 


Developmental Station l 

_ In order to ascertain the possibilities of improving 
service to broadcast listeners by the use of higher 
power, a new transmitter utilized two 100-kw. water- 
cooled tubes in the output stage and operated con- 
servatively at an output of 100 kw. into the antenna. 
Comparisons of the results obtained by using 100 kw. 
and a relatively low power were made. These show 
that high power is very effective in overcoming the 
effects of disturbances at considerable distances from 
the transmitter and that a power of 100 kw. covers 
approximately twice the area covered by 30 kw. and 
gives equally satisfactory reception over the increased 
range. 

Continued efforts were made to improve the 
rebroadcasting of American programs in foreign coun- 
tries and satisfactory results were obtained. In this 
connection, transmitter 2XAF on 32.77 meters and 
transmitter 2XAD on 21.96 meters were used at 
various powers up to 35 kw. 


CARRIER CURRENT TELEPHONE 


The outstanding improvement in the main station 
equipment was in the form of apparatus to permit 
the further application of carrier communication to 
wire-line extensions. Provision was made for the 
connection of as many as ten line extensions to any 
one equipment, the apparatus chosen being that 
used for standard private automatic exchange opera- 
tion and the service received being somewhat similar 
to that obtained in such operation. 

A secondary station equipment was developed 
having a nominal output rating of 714 watts. In 
general, it has all of the operating features of the 
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primary station equipment except that its range is 
more limited and it is not provided with the more 
elaborate extension apparatus. 

A still smaller and lower powered equipment is now 
available and is known as the “Booth Set.” This 
equipment is designed for installation at points of 
lesser importance along the transmission line and is 
completely enclosed in a weather-proof metal case so 
that it may be entirely mounted oùt of doors. Where 
remote from other power supply it may be operated 
entirely from dry cells. 


VACUUM-TUBE APPLICATIONS 
The vacuum tube usually brings to mind some 
form of radio device. The year 1927, however, 
brought forth vacuum-tube equipment other than 
radio for central-station applications. The natural 
adaptation of the vacuum tube for particular appli- 
cations has sponsored these developments rather 
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Fig. 59. Biased Detector with Associated Filament 
Transformer and Throw-over Switch 


than a desire to use the vacuum tube where 
other methods in common use have proved satis- 
factory. 


Capacitance Transformer 

For the higher voltage transmission lines, more 
particularly of 110 kv. and higher, vacuum-tube 
apparatus was developed in which the actuating 
potential is obtained from a capacitance transformer, 
mounted in an oil-filled bushing, rather than from a 
potential transformer. A potential of approxi- 
mately 35 volts from the capacitance transformer 
is used to excite the grids of vacuum tubes from 
which various types of apparatus may be operated. 

This form of equipment may be installed at a 
material saving over the potential transformer method, 
particularly in the case of the higher voltage lines 
or where an increasingly large number of lines are 
under consideration. 

Standard oil-filled bushings may be replaced by 
bushings of the same rating equipped with capaci- 
tance transformers. 
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Fig. 60. Carrier-current Receiver for 
Control of Street Lights 
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For isolated cases, where bushings having this 
feature are not installed on any high-voltage appa- 
ratus in the vicinity, a separate-tank mounting 
has been made available. 


High-voltage Voltmeter 
This application of the capacitance transformer 
permits the measurements of line potential. The po- 
tential obtained from the capacitance transformer 
is applied to the grid-filament circuit of a biased 
detector tube equipment (Fig. 59). A mulli-ammeter 
in the plate circuit of the vacuum tube gives an 
indication of the voltage impressed on the tube. 

In order that this indication may be translated 
into terms of line potential, a calibrating device 
(which supplies a variable grid ex- 
citation from a local source) is 
adjusted until the instrument in 
the plate circuit gives the same 


Aiti 


Fig. 61. 132,000-volt Cable- 
type Coupling Capacitor 


indication as when connected to the capacitance 
transformer. The calibrated voltmeter then reads 
directly the potential of the transmission line, taking 
into account the ratio calibration of the capacitance 
transformer. 


Pilot-protective System 

The usual system of pilot protection of feeders 
and transmission lines requires pilot wires between the 
two ends of the line. By the application of carrier 
current to the feeder or line.to be protected, a pro- 
tective system was developed which eliminates the 
necessity of pilot conductors. 

The equipment consists of a carrier-current trans- 
mitter and receiver, installed at each end of the 
line to be protected. In case of a fault on the 
protected line, both ends of the line are auto- 
matically disconnected from the system through oil 
circuit breakers. A short-circuit beyond the protected 
line places the carrier-current equipment in opera- 
tion to prevent the protected line from being removed 
from service. 


— 
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This system gives practically the same protection 
as would be obtained by the use of pilot wires, but 
makes use of the transmission line itself, thus giving 
additional assurance of reliability. 


Control of Street Lights 

Equipment for the control of street lights by 
carrier-current consists of a transmitter panel, the 
output circuit of which is coupled to the feeder by 
means of coupling capacitors. Only one carrier- 
current transmitter per station is required, the various 
feeders being taken care of by transferring the output 


Fig. 62. Transformer with Self-contained 
Control Equipment 


circuit from one feeder to the other by means of 
electrically-operated transfer devices. A carrier- 
current signal of definite time period is sent out over 
the feeder for turning on the lights, and a signal of 
a longer duration of the same frequency for turning 
off the lights. 

The receiving relays (Fig. 69) are mounted in 
weatherproof steel boxes arranged for pole mounting. 
They are located on the distribution feeders adjacent 
to the transformers which are to be controlled. As 
in the case of the transmitter, the receiver 1s coupled 
to the feeder by means of coupling capacitors. 


Cable-type Coupling Capacitor 

A new type of carrier-current coupling capacitor 
was produced in which the capacitance element is a 
length of high-voltage oil-filled cable (Fig. 61) which 
is bent into a loop and the free ends brought up 
through wiping sleeves, case, and a standard bushing 


shell, to a common terminal. The capacitor is given 
a vacuum treatment, filled with oil, and hermetically 
sealed by a positive-pressure expanding reservoir. 

The capacitors have been built in 0.001 m.f. 
sizes for line potentials of 110,000 and 132,000 volts. 
They may be mounted on the transmission line 
towers or on a Structural steel framework, or on an 
integral base. Six units of this construction having a 
capacity of 0.0078 m.f. mounted on herkolite cylinders 
will be used by the Leland Stanford University 
Laboratory in connection with a 1,500,000-volt 
impulse generator. 


TRANSFORMERS 


The maximum unit capacity of both self-cooled 
and artificially-cooled transformers was not carried 
beyond the record ratings of previous years but 
the total production of units exceeding 10,000 kv-a. 
in capacity showed a considerable increase; there 
being more than 100 units of this rating, and above, 
completed or under construction at the close of the 
year. 

TABLE I 
AVERAGE UNIT SIZE OF POWER TRANSFORMERS 
IN KILOVOLT-AMPERES 


Year Self-cooled Artificially-cooled All Types 
1919 1175 4,325 2150 
1920 1325 3,175 2175 
1921 1575 4,150 2750 
1922 1700 6,000 3750 
1923 2350 5,600 3450 
1924 2500 5,325 3525 
1925 3550 5,275 4175 
1926 2806 11,645 5052 
1927 2677 11,354 4316 


The use of the oil conservator was standardized 
for all power transformers in excess of 500-kv-a. 
rating, with the minor exception of a few special 
high-current units. The total number of transformers 
so equipped now exceeds 5000 with an aggregate 
capacity of more than 27,000,000 kv-a. 

The use of-the oil air-pressure method of cooling 
transformers which was first applied commercially 
about two years ago, showed a remarkable increase 
in the number and capacity of transformers to which 
this scheme was applied during the year. The trans- 
formers so equipped, installed, or under construction, 
already total more than 1,000,000 kv-a. in capacity, 
the unit capacity ranging from 10,000 to 30,000 kv-a. 

A corresponding increase in the use of load ratio 
control was indicated by the fact that the total 
capacity of the transformers so equipped for the 
year 1927 was in excess of 900,000 kv-a. This figure 
is greater than that of all preceding installations 
since the first unit was placed in service early in 1923. 

An interesting feature in connection with the use 
of this system is the tendency to mount the control 
equipment directly on the transformer (Fig. 62). 
This makes the transformer equipment completely 
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self-contained and effects a saving in the floor space 
required. It also avoids the necessity of bringing 
cables outside of the transformer to connect with 
the control apparatus. 

The development of higher voltage cables, the 
desire of operators to avoid exposed connections, 
and especially the difficulty of making satisfactory 


Fig. 63. Outdoor-type Transformer, Showing 
“Pot Heads” for Cable Terminals - 


end bells, led to the adoption of transformers with 
cable entrances—the cable either terminating directly 
inside the transformer tank, or terminating in oil 
or compound-filled “pot heads” (Fig. 63) which are 
connected to the transformer by means of bushings, 
both ends of which are immersed in oil. 

Frequently, the necessity for routine testing of the 
cable requires means of readily disconnecting the 
cable from the transformer. To an increasing extent, 
disconnecting switches are fitted in the pot heads 
with special testing bushings so that the cable can 
be switched from the transformer to the testing 
connection or to ground. 

A notable example of the adoption of this means of 
protection is found in the group of 20,000-kv-a. 
water-cooled transformers under construction for the 
State Line Generating Company. These consist 
of seventeen single-phase and four three-phase units 
all of which receive current from the generator at 
22,000 volts. The high-voltage ratings of seven of the 
single-phase units is 132,000Y, the remaining ten 
being 66,000Y, and three-phase units 33,000Y. 
All of these transformers are provided with cable- 
entrance bushings on the low-voltage side and all 
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but the 132,000-volt units are equipped with cable- 
entrance bushings and self-contained disconnected 
switches on the high-voltage side. All of these trans- 
formers are also provided with load ratio control. 

A group of transformers of unusual interest is 
under construction for the Commonwealth Edison 
Company. They are of the water-cooled type, rated 
20,000 kv-a. 66,000Y /12,000/4000Y, and are pro- 
vided with auxiliary series and regulating transformers 
to give regulation plus or minus equivalent to 10 
per cent of the main transformer voltage. The main 
transformers in addition to the provision for water 
cooling are provided with sufficient radiating surface 
to dissipate the core-loss heat in case of failure of the 
water supply. They are also provided with extra 
radiator flanges so that the oil air-pressure system 
of cooling for full kv-a. rating can be applied, and 
under these conditions each unit will be equipped with 
a motor-driven blower. Then too, each tank is fitted 
with valves for the application of the forced-oil 
method of cooling. This unusual equipment will 
permit the adoption of whatever cooling system is 
best suited to local conditions. 

The motor-generator type locomotives for the 
Cascade Electrification of the Great Northern Rail- 
way each includes as an essential part of its equip- 
ment an air-blast transformer of unusual design. 
This unit (Fig. 64) furnishes the electrical tie between 
the 25-cycle 11,000-volt single-phase overhead cate- 
nary system and the locomotive’s 25-cycle synchro- 
nous motor-generator set which in turn converts the 


Fig. 64. Air-cooled Transformer for Locomotives, Showing 
Transformer Mounted on Its Side 


output of the transformer from 2300 volts alternating 
current to 1500 volts direct current for application 
to the traction motors. Each of these air-blast trans- 
formers is rated 25 cycles, 3285 kv-a. 

The electrical design of the transformers is com- 
plicated by the varied operating requirements and 
the space limitation involved in their installation 
on the locomotives. In order to meet these conditions, 
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the transformer was notset upright in the usual manner 
but was laid on its side. A standard steel-housed type 
of air-blast transformer construction was employed 
with modifications and the unit is characterized by 
a low core and an abnormally high coil arrangement. 

Inordertoventilate these transformers, theair intake 
is in the bottom and the stream of air is deflected at 
an angle of 90 deg. to pass longitudinally through the 
coils. It 1s again deflected 90 deg. and discharged 
from the other end of the transformer at the bottom. 

A transformer for similar service for use by the 
Pennsylvania Railroad is rated 450 kv-a. 11,000/1045 
volts. It is similar in general construction to those 
just described, but is modified mechanically because 
it is intended for mounting underneath the platform 
and forthis reason the construction was made weather- 
proof throughout. 


Network Transformers 

The rapid introduction of alternating-current 
networks in city areas imposed certain modifications 
on the customary subway transformer designs to 
meet the requirements of network operation. There 
is a definite tendency toward the use of three-phase 
transformers instead of single-phase where new vaults 
or manholes can be provided with openings of sufficient 
size to take the larger units. Individual units of as 
much as 500 kv-a. are being used on certain networks, 
whereas the limitations of manhole openings and the 


Fig. 65. Three-phase Network Transformer Equipped with 
Junction Boxes and Cable-disconnecting and Grounding 
Switch, All Self-contained 


density of the load have in the past kept the size of 
subway units down to about 100 kv-a. single phase. 

The increased voltage of feeders, which is coincident 
with the use of networks, has introduced certain prob- 
lems in the handling of cable connections and the test- 
ing of cables with the transformers attached or discon- 
nected inaccordance with thesystem used by individual 
operators. The general requirement is for a discon- 


necting switch by means of which the cable can be 
connected to the transformer for service; disconnected 
from the transformer for phasing-out or routine high- 
potential tests; and grounded for the protection of 
operators working on the transformer or cable system. 

To meet these requirements a three-position switch 
(Fig. 65) is mounted either in the transformer tank 


Fig. 66. Low-voltage End of Three-phase Network Transformer 
Showing Arrangement of Mounting Auxiliaries on 
Transformer Casing 


or preferably in a pothead attached to the side of 
the transformer. | 

In at least one large network the advantages of 
having all equipment in the manhole as a single 
unit resulted in a design (Fig. 66) which has, in 
addition to a high-voltage pothead with a switch for 
grounding purposes only (the transformer in this 
case being tested with the cable), a low-voltage switch 
casing in which the automatic network switch is 
housed. This arrangement greatly simplifies the cable 
connections, but because of the large size of the unit 
it is likely that separate housings for the automatic 
switches in the transformer will generally be used. 


Instrument Transformers 

The maximum potential of instrument current 
transformers was increased by the construction of 
155-kv. units (Fig. 67) for the Commonwealth Power 
Corporation. 

Four 100/200-amp. current transformers built for 
the Detroit Edison Company were designed to carry 
an abnormal short-circuit current of 12,500 amp. 
and were insulated for a 120-kv. circuit. 

There were also constructed six instrument poten- 
tial transformers for the Philadelphia Electric Com- 
pany to operate in connection with 220-kv. circuits. 
These are the highest voltage instrument potential 
transformers so far constructed, the previous maxi- 
mum being 154 kv. 

Laboratory testing facilities for instrument trans- 
formers (Fig. 68) were improved so that phase-angle 
and ratio tests by the direct-reading method for all 
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voltages up to and including 135 kv. can now be 
made. The previous limit was 66 kv. 


Oil-filled Bushings 

The enviable service record of the oil-filled bushing 
has brought about its adoption for lower voltage rat- 
ings than heretofore, it having recently been standard- 
ized for all transformers in the 66,000-volt class, super- 
seding the solid-type bushing with this voltage rating. 


Fig. 67. 155-kv. Instrument Current 
Transformer with Two Independ- 
ent Cores and Secondaries 
REACTORS 

A current-limiting reactor having probably the 
largest physical dimensions of any so far built (Fig. 
69) was constructed for the Consolidated Gas, 
Electric Light and Power Company at Baltimore, for 
use in grounding its 13,200-volt 25-cycle system. 
It has a four-minute rating of 80,000 kv-a., 8000 
volts, 10,000 amp. The. gross weight is eight tons. 

Three reactors for use with the 137,500-kv-a. 
turbine-generator at the Hudson Avenue Station 
of the Brooklyn Edison Company will connect the 
27,600-volt bus of this generator to the station 
synchronizing bus. They introduce 10 per cent 
reactance when carrying the full-load generator 
current, and are each rated 4583 kv-a., 1593 volts, 
2880 amp. They are the largest current-limiting 
units ever supplied for such high voltage. 

There was a remarkable increase in the demand 
for the oil-immersed air-core type of current-limiting 
reactor enclosed in a metal tank, which was first 
used in 1922. During the year more than 50 of these 
units were completed or under construction. 

One group of 19 of these reactors each rated 2750 
kv-a., 1170 volts, 2364 amp. will be utilized in 


GENERAL ELECTRIC REVIEW 


Vol. 31, No. 1 


sectionalizing the 22,000-volt bus of the State Line 
Power Station at Hammond (Ind.). The ultimate 
generating capacity connected to this bus is expected 
to be over 1,000,000 kv-a. 

These reactors (Fig. 70) will be the largest units 
of the metal-enclosed type and will be connected to 
the bus by means of lead-covered cable, the lead 
covering making a wiped joint with a brass casting 
bolted to the tank. 


Fig. 68. 135-kv. Instrument Potential-transformer Testing Equipment, Showing 
Resistance Units and Shielding Transformers 
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Fig. 69. 


80,000-kv-a. 8,000-volt 10,000-amp. 
Current-limiting Reactor 
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There was a growing demand for reactors to be 
used for drawing lagging current through a long 
transmission line to neutralize the charging current 
of the line, so as to relieve the generating apparatus 
from supplying this charging current. What is 
probably the largest reactor ever built for this pur- 
pose (Fig. 71) is rated 4500 kv-a., 13,800 volts, 
108.6 amp. and is used in a 24,000-volt line. Since 
it is not a series reactor but a shunt reactor, with 
iron core and air gaps in the core, the full voltage of 
the system is applied across it continuously. 


CAPACITORS 

A series capacitor (Fig. 72) was built with a rating 
of 1245 kv-a., and insulated for installation in the 
33,000-volt 7500-kv-a. 60-cycle transmission line 
between the Amsterdam Steam Station and the 
Ballston Spa Substation of the New York Power 
and Light Corporation. 

The theory involved in this application is quite 
simple. A capacitance placed in series with a reactance 
can be made to compensate for the reactance if 


3x fC is made equal to 2 r fL. For such a circuit 


the potential drop across the capacitor for all values of 
current is equal and opposite in phase to the potential 
drop across the reactance. If this circuit is a transmis- 
sion line, only the drop due to the ohmic resistance of 
the line affects the regulation of the circuit. Therefore, 
by using such a compensated circuit the characteris- 
tics of direct-current transmission are approximately 
obtained, yet with the simplicity and advantages of 
alternating-current transmission retained. 

In the practical operation of the series capacitor, 
the capacitor element must be insulated from ground 
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Fig. 70. Oil-insulated Current-limiting Bus-sectionalizing 
Reactor Having No Live Parts Exposed 


for line potential and the dielectric between capacitor 
plates so proportioned as to stand the potential 
drop across the capacitor due to normal full-load 
line current. Under short-circuit conditions, the 
current increases through the capacitor and abnormal 
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Fig. 71. 4500-kv-a. 13,800-volt 108.6-amp. Current-limiting, 
Oil-cooled Reactor Assembled and Ready for Instal- 
lation in Tank 


One Phase of a Three-phase Outdoor-type Series Capacitor 
for 33,000-volt Transmission Line Regulation 


Fig 72. 
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drop across the capacitor develops. If the normal 
drop were 10,000 volts, then ten times normal current 
on short-circuit gives 100,000 volts across the capaci- 
tor. The capacitor is protected from this over-voltage 
by cutting it out of circuit on the rise of short- 
circuit current by means of a sphere gap and high- 
speed contactor. 
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Fig. 73. Cathode-ray Oscillogram, Showing Volt-Time 
Characteristics of Pellet-type Lightning Arrester 


Fig. 74. Cathode-ray Oscillogram, Showing Volt~Ampere 
Characteristics of Pellet-type Lightning Arrester 


Short-circuit tests on the capacitor demonstrated 
the practicability of the protective equipment. A 
short-circuit current of 15,000 amp. (r.m.s. value) 
was easily handled by the sphere gap and high-speed 
contactor with practically no signs of burning. 

It is probable that the series capacitor will be 
utilized for automatic regulation of transmission- 
line voltages; increasing the power limit of long 
transmission lines; and compensation for part of the 
reactance in a line so that it will share its proper 
division of load when paralleled with another trans- 
mission line of widely different characteristics. 


LIGHTNING ARRESTERS 
In September, 1925, the Lightning Arrester Labora- 


tories at Pittsfield took the first cathode-ray oscillo- ` 


grams showing the performance characteristics of 
lightning arresters under impulse conditions. Since 
that time both in this country and abroad other 
research workers have taken similar oscillograms. 
This method of test is being used to determine the 
volt-time, ampere-time, and volt-ampere character- 
istics of arresters under the action of discharges 
which may exist for but a few millionths of a second. 
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A typical volt-time and volt-ampere curve of a 
pellet lightning arrester (Figs. 73 and 74) shows how 
the oscillograph makes possible the accurate determi- 
nation of the operating characteristics of arresters. 

The cathode-ray oscillograph method in these 
two years has become so important in this field 
that its use has become standard in the testing 
of such devices. With this oscillograph an accurate 
measuring tool is now available, which makes the 
standardization of arrester testing a possibility. 

The effect of time on the operating characteristics of 
a lightning arrester has always been an important 
factor and it is of particular interest to note that 
tests made recently with the cathode-ray oscillograph 
on service cells, from oxide-film arresters show their 
operating characteristics to be unimpaired after years 
of service. The oxide-film arrester has been in service 
since 1915 and the cells tested were taken from early 
installations in many sections of the country. 

With the growing interest in the accurate determi- 
nation of the operating characteristics of lightning 
arresters and the increased use of high-voltage 
arresters, it is important to have test data to show 
the protection expected from these higher voltage 
arresters. During the year, impulse data on 110,000- 
volt oxide-film arresters were obtained using impulses 
having a crest potential of 1,400,000 volts. 

Test data to be of maximum benefit must be 
properly correlated with field data. This information 
is now available through the use of the klydonograph 
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Fig. 75. Side Elevation, Showing Arrangement of 
220-kv. Oxide-film Lightning Arrester 


and shows that potential gradients of approximately 
50,000 volts per foot can occur on transmission lines 
during lightning storms. Such high potentials indicate 
the necessity of protecting terminal equipment from 
the effects of such impulses. 

With data now available from both laboratory and 
field, the insulation of transmission lines and of 
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station apparatus is being studied with a view to 
so co-ordinating the various pieces of apparatus that 
no one part will be unduly stressed. The arrester is 
being shown to have a definite function to perform 
at even the highest transmission voltages. 

The highest voltage arresters yet designed are for 
installation at the Conowingo Station of the Sus- 
quehanna Power Co. They are oxide-film arresters 
(Fig. 75) and are rated 220,000 volts. 


CONDUCTOR CABLE 


The most notable advance in commercial cable 
practice was the putting in service of a six-mile line 
(18 cable miles) of 132-kv. single-conductor oil- 
filled cable (Fig. 76) by the Commonwealth Edison 
Company of Chicago, on June 2nd, and a twelve- 
mile (36 cable-miles) circuit by the New York 
Edison-United Companies on August 9th. 

Both lines were tested with 300,000 volts, using 
400,000-volt direct-current kenotron sets. No failures 
occurred under this electrical test (Fig. 77) in either 
installation. The lines have each a capacity of 91,000 
kv-a., thus bringing the capacity of a single cable line 
up to that of the largest generating units in service. 

Another development in the use of single-conductor 
cables in connection with three-phase high-tension 
circuits was the installation by the New York Edison 
Company of three single conductors in one conduit 
on a 45-kv. circuit; showing favorable economic 
results due to the use of a single conduit over the 
former practice of a separate conduit for each con- 
ductor of the circuit. 


Outer lead Sheath 


Fig. 76. Construction Details of 132-kv. Single-conductor 
Oil-filled Cable 


There were further large installations during the 
vear of single-conductor cable for 66-kv. circuits, 
notably in Philadelphia and Chicago. 

Practically all circuits from 75 to 33 kv. inclusive 
are now using oil-filled joints and auxiliary reservoirs 
to take care of the expansion and contraction of the 
oil due to variations in temperature and to keep the 
joint and cable adjacent to the joint under oil pres- 
sure. Tests have shown that such joints when properly 


designed have a dielectric strength equalling or 
exceeding that of the cable itself. 

An improvement in connection with the use of 
single-conductor cables, particularly those of large 
size used on alternating-current circuits, was the 
insertion of insulating joints in the sheaths of the 
cable, and cross bonding of the sheaths in such a 
way as to neutralize the induced voltages in the lead 
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Fig. 77. 300-kv. Test of 132-kv. Single-conductor 


Oil-filled Cable 


sheaths. This results in a reduction of the losses due to 
such circulating currents and increases the current- 
carrying capacity of the line by about 15 or 20 per cent. 


AUTOMATIC STATIONS 
The demand for automatic control continued to 
increase. There were no radical changes in the general 
design, but some very marked improvements were 
made in construction details. Device functions were 
combined and some devices were eliminated, thereby 
tending to simplify the control and reduce the cost. 


Hydro-electric : 

The largest hydro-electric station with automatic 
control is being equipped by the Louisville Hydro- 
Electric Company, at its Shipping Port Station. The 
combined capacity of the eight generators of this 
station (Fig. 78) is 100,400 kv-a. and space is reserved 
for two more units which will bring the ultimate 
capacity to 125,500 kv-a. Power will be generated 
at 14,000 volts and stepped up through two trans- 
former banks to 66,000 volts for transmission. There 
will be a main and an auxiliary bus in the station 
to which each generator will be connected through 
large oil circuit breakers 

A unique feature of this station is the self-supported 
steel containers for the control equipment. The control 
devices for each machine are arranged on panels 


40 January, 1928 


which are mounted within the steel container (Fig. 
79), commonly termed a “‘cubicle’’. Double doors at 
front and back permit ready access to the devices 
and their wiring. The front doors are fitted with glass 
so that all devices and instruments may be seen with- 
out opening the doors. Connecting leads are brought 
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A second feature of this station is the compact 
instrument and supervisory-control cabinet which 
will enable the chief station attendant to supervise 
the switching throughout the entire station and to 
check all meter readings without leaving his desk. 
The cable-type supervisory system permits him to 
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Fig. 78. View in Generator Room of Louisville Hydro-electric Company, Louisville (Ky.), 
Showing Location of Control Cubicle for Automatic Switching Equipment 
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Fig. 79. 
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Details of Control Cubicle for 12,550-kv-a. 14,000-volt Waterwheel Generator, 


Louisville Hydro-electric Company 


up through small pits in the floor directly under the 
cubicle and are plugged into the proper terminals by 
means of multi-plug car couplers. Pull-button switches 
are built into the front doors so that normal operation 
may be accomplished without opening the cubicle. 

In addition to the eight cubicles for the machine- 
control equipment there are four which house the 
control for the transformer-bank switching, one for 
the station service feeder, and one for the cable- 
type supervisory-control devices. 


select and supervise the operation of breakers con- 
necting each machine to the buses and to regulate 
the load and gate opening of each unit. 

The units are started manually by a floor attendant 
upon the receipt of a signal sent from the supervisory- 
control cabinet and upon reaching speed are auto- 
matically synchronized and connected to the bus. 
Full-automatic protection is provided at all times. By 
throwing a switch in each generator cubicle, the entire 
station may be made manually controlled throughout. 
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The steel cubicles, housing the control equipment 
and the small compact control and indicating cabi- 
net, are radical departures from the older methods of 
hydro-electric station layout. The new arrangement 
permits one man to have supervision of the entire 
station all within arms’ length and gives unit control 
for each machine and equipment, housed separately 
in a dust-tight compartment. All control is readily 
accessible and is easy to maintain, repair, and replace; 
and each cubicle may be disconnected and moved 
and a new one substituted if major repair work or 
replacement is required. 

The Bibb Manufacturing Company of Macon 
(Ga.) installed a two-unit hydro-electric generating 
equipment with complete automatic control in its 
Porterdale Station. These machines are started and 
stopped in accordance with the water level. The con- 
trol is provided with a regulator having both a voltage 
and current element so as to allow the machine to 
deliver full rated leading current under normal condi- 
tions. The voltage element is used only to limit the 
machine voltage in case of insufficient demand. 

The majority of the hydro-electric equipments built 
during the year were arranged to pull into syn- 
chronism with the line at 95 per cent synchronous 
speed, however, one small double-unit station was 


Fig. 80. Automatic Switching Equipment for 200-kw. 
Mining Synchronous Converter 


installed by the Southern Power Company which 
included a complete automatic synchronizing equip- 
ment. The amount of water in the forebay determines 
whether one or both units will be put in service. A 
speed-matching relay controls the speed of the unit 
to equalize as nearly as possible the frequency of the 


machine with that of the line. The synchronizing 
equipment then functions to connect the machine to 
the line when exact synchronism has been reached. 


Mining and Industrial 

The control for mining converters and motor- 
generator sets was further simplified by combining 
into one device the functions previously performed 


Fig. 81. Automatic Recloser for Stub-end Multiple-feed 
Direct-current Circuits 


by several devices. In the case of the synchronous- 
converter equipment (Fig. 80), one simple contactor 
now gives the synchronous-speed indication and 
applies separate excitation to the converter field. 
Another single relay combines both direct-current 
reverse-power and direct-current voltage-equalizing 
functions. 

A new device known as the direct-current recloser 
(Fig. 81), and consisting of three elements under one 
cover, performs the functions which previously 
required five separate devices. It is entirely self 
contained with connection terminals and resistors 
complete, and its range of adjustment is the same as 
that of the design which it supersedes. It is available 
for 275-volt direct-current circuits in 300, 600, 900, 
1200, 1500, and 1640-amp. capacities. One mining 
company installed seven single-unit 150-kw. con- 
verter stations with this new simplified control, 
including the direct-current recloser. 

The mine sectionalizing and reclosing unit was 
modified in design and is now available for 550-volt 
as well as for 275-volt, direct-current circuits. 

The American Steel and Wire Company installed 
at its South Works Station in Worcester (Mass.), 
control for three 3-unit 600-volt direct-current 
1500-kw. motor-generator sets, and three 3-unit 
250-volt direct-current 1000-kw. motor-generator 
sets, all controlled automatically; the latter three 
being equipped with counter e.m.f. voltage regulation. 

All control panels for this installation were arranged 
on separate self-supported welded frames, each frame 
being numbered in accordance with its location in 
the switchboard. These features greatly facilitated 
the installation work. 
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Railway Substations 

Several important programs were initiated by 
railway companies for the purpose of modernizing 
and adding to their existing power supply. A study 
of information available on the work now being done 
indicates that, while both manual and automatic 
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which is completely overhauling its substation supply 
in the city of Cincinnati. Nineteen substations are 
involved, the larger part of these being completely 
new. A few are using the synchronous converters 
in existing substations with the addition of new 
automatic-control and supervisory equipment. 


Fig. 82. Laflin Street Substation of Illinois Central Railroad, Showing 
Arrangement of 1500-volt Mercury-arc Power Rectifiers 
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Fig. 83. 


substation equipment is being used, a somewhat 
larger percentage of the projects now in hand are 
using automatic switching equipment. Many of these 
are also being provided with supervisory control. 

One of the largest installations ever undertaken is 
that of the Cincinnati Street Railway Company 


Jefferson Street Substation of Portland Electric Power Company, 
Showing Arrangement of Two 1400-volt Mercury-arc Power Rectifiers 


The supervisory equipment is designed to permit 
either full-automatic operation or direct control by 
the load dispatcher. The units controlled are of 
1000- and 1500-kw. capacity each. When completed, 
this installation will represent one of the most exten- 
sive applications of automatic control in the world. 
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The Sacramento Northern Railway after several 
vears’ experience with two automatic substations is 
now providing automatic control for ten additional 
units in existing stations. These units are all induction 
motor-generator sets, each of 400-kw. capacity. 

The Pacific Gas and Electric Company is equipping 
a single station with two 1500-kw. units, both auto- 
matically controlled. The largest unit to be provided 
with automatic control is the 4000-kw. synchronous 
converter shortly to be placed in service by the New 
York Rapid Transit Company to supply power to 
the subway and elevated systems. A second con- 
verter of the same size is being provided with manual 
control. 

The Boston Elevated Railway, working in con- 
junction with the City of Boston, is installing a second 
station to be equipped with two 3000-kw. synchronous 


Fig. 84. 


Switchboard in Automatic Substation at Piqua (O.) for 
Signalling and Train Control, Pennsylvania Railroad Company 


converters having automatic and supervisory control. 
These units duplicate similar equipment placed in 
service during the year. 

An example of modern substation equipment for 
a heavy interurban railway is provided by the 
Chicago, Aurora and Elgin Railroad, which is pur- 
chasing power from stations to be equipped by 
the Public Service Company of Northern Illinois. 
Three 1500-kw. 60-cycle synchronous converters are 
being used, two with automatic and one with manual 
control. 

The Shreveport Railways, which installed an 
automatic substation about three years ago, is 
now completing the automatic distribution for its 
entire system by putting in three additional 500- 
kw. stations, thus permitting the abandonment of 
the existing power plant. 

A number of mercury-arc power-rectifier sets 
installed during the last two years have now been in 
use for a sufficient length of time to give assurance 


of their suitability for railway service. Several 1500- 
volt units on the Illinois Central Railroad (Fig. 82) 
and the Chicago, South Shore and South Bend Rail- 
way have been supplying power to heavy multiple- 
unit trains for nearly two years. 

During the year the following companies installed 
rectifiers for rapid-transit service: 


The Los Angeles Railway Corp.......... Two 500-kw. units 
The Long Island R.R. Co............ Three 1000-kw. units 


The Philadelphia Rapid Transit Company, which 
obtained considerable experience in 1926 with two 
500-kw. units, increased its equipment by the installa- 
tion of three 1000-kw. rectifiers. The Long Island 
and Philadelphia units will use twelve-anode tanks 
connected in twelve-phase relation. 

Rectifiers were also adopted by the Portland 
Electric Power Company (Fig. 83) for supplying 
the Oregon Electric Railway; by the Columbus 
Railway Power and Light Company; and by the 
Duquesne Light Company for supplying power to 
the Pittsburgh Railways. Practically all of the 
rectifiers now being installed are provided with full- 
automatic control. 


Railway Signals and Train Control 

Automatic control was used in connection with 
frequency converters and feeders to supply 100- 
cycle power for automatic train control and railway 
signals. The frequency converters, which are usually 
of the induction-synchronous type, are of moderate 
capacity and are provided with voltage regulators for 
maintaining constant voltage. 

Systems employing this type of equipment usually 
maintain a liberal number of stations and generating 
sets and power from either end of the line insures 
extreme reliability of service under all conditions. 
The 100-cycle control power has been adopted by 
the railroads using the continuous type of auto- 
matic train control, because it prevents interfer- 
ence from lower frequency power lines paralleling 
the nght-of-way. As a matter of convenience the 
signals are therefore operated on the same power 
supply. 

The Pennsylvania, the Reading, and the New 
York, New Haven and Hartford Railroads are a few 
of the more prominent roads using this equipment. 
The Pennsylvania System installed six stations 
(Fig. S4) on its lines between Columbus (O.) and 
Indianapolis (Ind.) and three on its Camden-Atlantic 
City Line. The Reading placed three of these 
equipments in service on its Bethlehem (Pa.) Branch 
at the Saucon Creek Power House, Orvilla and 
Jenkintown. 

The New York, New Haven and Hartford Rail- 
road will utilize sixteen equipments on its Shore Line 
between New Haven (Conn.) and Providence (R. I.). 
Each of these stations will contain a 5-kv-a. induction 
frequency converter for supplving the 100-cvcle power. 
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Direct-current Lighting 

Although the motor-generator set is considered 
best adapted to direct-current lighting service, due 
to the range over which the voltage can be regulated, 
still a number of automatic control equipments for 
large booster-type converters were adopted. Load- 
limiting resistors of the water-cooled type are utilized 
to provide low voltage for service restoration. This 
results in an installation which fulfills the essential 
operating conditions and has a very high efficiency 
under normal operation. 

The Cleveland Electric Illuminating Co. installed a 
3900-kw. booster converter with control similar to that 
just described. This is in addition to two other iden- 
tical equipments put into operation a few years ago. 


Synchronous Condensers 

The Alabama Power Company placed in operation 
a 10,000-kv-a. 11,000-volt synchronous condenser 
with full-automatic control equipment at Mobile, 
(Ala.). A voltage regulator maintains constant voltage 
and the machine is given full-automatic protection at 
all times. 

The Anglo-Chilean Consolidated Nitrate Corpora- 
tion is installing a synchronous condenser of moderate 
capacity with automatic control at its nitrate fields 
in Chile (S. A.). 


Alternating-current Feeders and Incoming Lines 

Alternating-current automatic-reclosing feeder 
equipments constituted a large percentage of the 
automatic switching applications and this type is 
now handling over 2,500,000 kv-a. of power, mostly 
in 2300 /4000-volt service. 

Alternating-current line equipments were the sub- 
ject of much investigation during the year and as a 
result a total of eight thoroughly workable control 
schemes are now available. A total of 250,000 kv-a. 
is now being handled automatically by such equip- 
ments and extensions of the present systems should 
make duplicate sources readily available and result 
in greater continuity of service. 


Supervisory Equipment 

A new type of automatic supervisory control 
known as the Synchronous Selector System was 
perfected. With this system the dispatcher may 
control, and receive indications from, a larger number 
of equipments located at a remote station. The system 
requires four line wires between the dispatcher’s 
station and each remote station. 

The dispatcher operates the system from a key 
and lamp cabinet somewhat similar to those used 
for other types of supervisory equipment. This 
cabinet contains, for each outlying equipment to 
be operated, a standard two-position turn key for 
control, a red light for indicating the closed posi- 
tion, a green light for indicating the open position, 
and a white light for indicating an automatic 
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operation of the outlying equipment. In addition, 
each combination has a two-position push-pull hold- 
ing key to stop the selectors in each station at a 
point corresponding to the equipment it is desired to 
operate. 

To operate a remote equipment, the dispatcher 
must first pull the holding key associated with this 
equipment. By then pressing the starting key, the 
selectors at each station step in synchronism to the 
selected position and stop. A control and an indicating 
circuit for that equipment are thereby connected to 
the control and indicating wires, and the dispatcher 


Fig. 85. New Method of Mounting Equipment on Panel 
for Distributor Type of Supervisory Control 


can perform the desired operation by turning the 
individual control key and pressing the master 
operating key. The changed position of the super- 
vised equipment will be indicated immediately 
by the red and green capped lights. Upon completing 
the remote operation the holding key is pressed, 
which upsets the setting of the selectors and returns 
them to the zero or off position. 

In a similar manner, auxiliary switches and inter- 
locks on the remote equipments set up the selectors 
to return indications to the dispatcher in case a 
automatic operations in the remote station. 

The distributor type of supervisory system (Fig. 
85) was changed from cabinet to panel mounting. All 
the equipment formerly mounted in the distributor 
and relay cabinets is now mounted on a 90-in. one- 
piece compound panel 40 in. wide and 1) in. thick. 
The panel in turn is mounted on 4-in. channel sup- 
ports and the wiring is complete to the terminal 
blocks. A check-back feature was added which 
permits the dispatcher to select a station. 
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OUTDOOR STATIONS 


The general application of outdoor equipment to 


power systems in all parts of the country continued 
to grow, resulting in improvements in the design of 
both the mechanical layout and the switching, trans- 
forming, and protective apparatus applicable to this 
service. The increased demand for such equipment 
was particularly noticeable in the super-power field. 
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73 kv. was designed. These equipments are especially 
adapted for the step-down stations of industrial 
plants and small towns. The standardized structures 
(Fig. 88) are available in two sizes from which 93 
different combinations can be made. 

The horn-gap type of switch, utilized for sec- 
tionalizing transmission lines (Fig. 89), was im- 
proved by omitting the insulator formerly located 
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Fig. 86. One of Two Outdoor Stations with a Total Capacity of 260,000 kv-a., Showing 
Typical Modern Arrangement of Apparatus and Supporting Structure 


Fig. 87. Complete 20,000-kv-a. 24,000-volt 60-cycle Outdoor Substation 


A number of the outdoor substations equipped 
during the year (Figs. 86 and 87) illustrate the new 
tendencies by a homogeneous design of the station 
as a whole. The details of the equipment, including 
the steel structural work as well as the bus bars and 
switching apparatus, are now designed as carefully 
in regard to layout and appearance as the generating 
station, in an effort to secure maximum operating 
efficiency combined with low maintenance costs and 
interchangeability of parts. 

A new line of standard outdoor-station equipment 
for capacities up to 3000 kv-a. and voltages of 15 to 


at the hinge point and providing special clamping 
devices for attaching the pantograph to the strain 
clamp used to fasten the line to strain insula- 
tors. This results in a short base which is suitable 
for cross-arm mounting and reduces both the 
weight of the switch and the space required for 
mounting it. The ratings of this switch range 
from 400 to 600 amp. for operation on 15- to 
73-kv. lines. 

The increased use of group-operated disconnecting 
and isolating switches for outdoor-station service 
resulted in the production of a high-speed heavy-duty 
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motor-operating mechanism to replace the manual 
arrangement previously used. 

The salient feature of this mechanism (Fig. 90) 
is an internal cam which transmits the torque from 
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Fig. 88. Standardized Outdoor-station Equipment for 
750-kv-a. 33000 /2300-volt Service 


Fig. 89. Simgie-pole Unit of a Triple-pole Group-operated Horn-gap Switch, 
Showing Arrangement of High-tension Cables and Strain Insulators 


a worm-gear reduction to the 
crank. This cam is designed 
for high torque and relatively 
low speed at the beginning of 
the stroke; the speed increas- 
ing up to the mid position 
from which point it again 
decreases. The blades of the 
switch are thus put into 
motion and stopped without 
shock. Emergency manual 
operation is provided for by 
means of a removable wooden 


operating handle; the motor Fig. 91. 
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drive being automatically disconnected when oper- 
ating by hand. 

A detail improvement in one form of horn-gap 
switch (Fig. 91) is the use of torsion springs to 
balance the weight of the moving blade, thereby 
facilitating operation. Provision was also made for 
the lubrication of joints and bearings and a special 
bearing was provided for the rotating-insulator stack. 


Outdoor Switch Houses 

Three standard sizes of ground-mounted outdoor 
switch houses were designed. The smallest size will 
accommodate the more common types of panel- 
mounted oil circuit- breakers up to and including 
6600 volts. The medium size will house similar 
breakers for 13,200 volts, and the largest size is 
intended for panel-mounted breakers of the highest 
interrupting capacity. 

Small utility and structural-mounted houses, which 
embody practically the same general design features, 
were also perfected. 


Fig. 90. Motor Mechanism for Operating Disconnecting 
and Isolating Switches 


SWITCHING APPARATUS 

The general construction and appearance of the 
switchboards of today are in keeping with the many 
recent advancements made in other fields of the 
electrical industry. As demands were created for larger 
and more delicately controlled electrical machinery, 
the switchboard, through necessity, became larger and 
more complicated, thus making it more difficult to 
build and especially to install and place in service. 


Horn-gap Switch, Showing Use of Springs to Balance the Weight of the Moving Blade 
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For some time, engineers have been designing 
and building many forms of enclosed and self-con- 
tained switching equipments to meet present and 
future demands, and this activity has helped to 
eliminate many of the installation problems. These 
equipments need only to be moved into place and 
a few control and power connections made to be 
ready for service. Some new and improved designs 
were brought out for automatic and manual stations 
both for indoor and outdoor application. 

There was an increased use of the unit type or 
‘Factory Built” switchboard (Fig. 92) for manually- 
controlled stations. The instruments, relays, and oil 
circuit breakers are mounted 
and wired on a panel which is 


Fig. 92. Typical Factory-built Switch- 
boerd, Showing Arrangement of 
Frame Structure 


supported on a welded, steel and angle-iron frame, 
the disconnecting switches and bus bars being 
attached to the superstructure. 

There were no radical departures in the design 
of standard safety enclosed-unit removable-truck 
panel switchboards during the year; the minor 
changes incorporated tending to simplify the equip- 
ment. 


Metal-clad Switching Equipment 

There was a marked tendency toward the adoption 
of switching equipments having parts more com- 
pletely enclosed, even for the largest generating 
stations, in order to insure maximum protection to 
operators and maintenance men, the prevention of 
interruptions in service due to short-circuits between 
bus bars, connection bars, etc., and at the same time 
minimize the time and cost of installation. To meet 


Fig. 93. Metal-clad Switching 
Equipment in Operating 
Position 


these requirements, metal-clad switching equipment 
for both indoor and outdoor installation were devel- 
oped. 

In the indoor type (Fig. 93), the oil circuit breaker 
is carried on a yoke or carriage to insure its position 
and alignment. It can be raised into its operating 
position, lowered from it or removed from the frame 
for inspection or adjustment by means of an elevat- 
ing truck (Fig. 94), only one truck being required 
for a number of units. 

The movable members of the main disconnecting 
devices are located on the connection studs of the 
oil circuit breaker while the stationary members 
are located in the supporting framework. From the 
stationary contacts, connections are made to the 


Fig. 94. 
Showing Method of Removing Oil 
Circuit Breaker 


Metal-clad Switching Equipment, 


buses and through current transformers to the out- 
going or incoming cables. 

The bus and transformer chambers are so designed 
that they can be filled with oil or fluid, semi-fluid, 
or solid insulating compound, and for voltages of 
2300 or less may be used unfilled. The secondary 
wiring is run in rigid conduit and terminal boxes are 
provided for connections. Incoming or outgoing cables 
either with or without lead covering may be used. 

Positive interlocks are provided so that the breaker 
cannot be lowered from the operating position until 
it is open, and it cannot be raised to the operating 
position unless it is open. In any intermediate position 
it is locked against operation. 

The operating solenoid for the oil circuit breaker 
is mounted on the circuit breaker itself and is removed 
with the breaker. This makes it possible to adjust 
the solenoid and oil circuit breaker with respect to 
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one another. The present designs permit of the units 
being used on circuits up to 15,000 volts in 600, 800, 
1200, 1600, and 2000-amp. capacities. 

All buses, connection bars, and main disconnect- 
ing devices are insulated for the full-line voltage 


Oil Circuit Breaker for Metal-clad Switching Equipment 
Having an Interrupting Capacity of 1,000,000 Kv-a. 


Fig. 95. 


exclusive of the insulation value of the oil or com- 
pound with which the compartments containing them 
are filled. 

One equipment of the outdoor type was designed 
for a substation which will operate at 33,000 volts, 
600 amp. The main and auxiliary bus bars are com- 


Fig. 96. 


pletely enclosed in oil-filled pipes with connections 
_ provided so that either the incoming or outgoing 
cables can be connected to either bus by the opera- 
tion of a pair of oil circuit breakers in each circuit. A 
similar equipment was also designed for a generating 
station with switching units of 2,000,000-kv-a. inter- 
rupting capacity. This equipment required special 
consideration in the design of enclosing pipes and 
boxes for the various current-carrying parts which 
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were required to carry 3000 amp. at 22,000 volts 
continuously. 

The oil circuit breakers (Fig. 95) have a rated 
interrupting capacity of 1,000,000 kv-a., and are so 
mounted that they can be easily and quickly removed 
by lowering them from the bus structure by means of 
a traveling carriage and an elevating platform. 
When the breaker is removed, shutters automatically 
close the openings through which the bushings of 
the breakers normally extend. All operations are 
mechanically or electrically interlocked. 

The enclosing oil-filled pipes for the buses are 
provided with barriers, thus sectionalizing the equip- 
ment. All live parts are insulated for full voltage 
so that if an oil leak should develop in any section, 
and even if that leak should not be detected until 
all of the oil in that section had been lost, the appara- 
tus could be kept in service until the leak was plugged 


and the section refilled with oil. 


Potential transformers and all of the necessary 
auxiliary devices are provided as part of the complete 
equipment. | 


Oil Circuit Breakers 

The year was one of exceptional activity in testing 
and developmental work on circuit-breaker designs. 
The interrupting capacity tests made—exclusive of 
insulation and operation tests, heat runs, etc.—num- 
bered more than 3000. 

A new interrupting capac- 
ity testing station was placed 


Fig. 97. Indoor-type, Three-pole Single- 
throw Oil Circuit Breaker Rated 
15,000 Volts, 600 Amp. 


in operation with a specially-designed 100,000-kv-a. 
generating unit which will furnish short-circuit energy 
of far greater magnitude than could heretofore be 
obtained in factory tests. The machine (Fig. 96) will 
sustain a short-circuit of over 500,000 kv-a. 

A new indoor breaker of moderately high inter- 
rupting capacity (Fig. 97) includes many construc- 
tional principles heretofore found only in breakers 
of extremely high capacity. It utilizes the short-bolt 
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method of tank suspension, an ‘‘internal’’ mechanism 
which assures against reclosure of the contacts 
because of unbalanced pressures, a round tank with 
domed bottom and domed cover or frame, and a 
baffle chamber to vent the gases which may be 
formed. 

These features together with conservative ratings 
give to this ‘breaker the maximum of safety and 
reliability, yet its con- 
struction is such that the 
space requirement is even 
less than for some earlier 
breakers of lower rating. 
A single, boiler-plate, round 
tank is used for all three 
poles of the breaker (Fig. 


Fig. 98. Three-pole Oil Circuit . 
Breaker Showing Tank 
Removed 


98); Herkolite linings and fiber phase-barriers are 
provided in the tanks; short, heavy bolts secure 
the tank to the top frame; and a gasket insures an 
oil-tight joint. 

The plain-break contacts employed in this breaker 
differ in many respects from the finger-and-wedge 
type thus far employed, in that the main or current- 
carrying fingers are assembled at a greater angle 
than is usual with respect to a vertical line through 
the center of the stud. The fingers of these so-called 
‘wide-angle’ contacts (Fig. 99) remain at prac- 
tically the same angle irrespective of the position 
of the movable wedge-shaped blade, thus assuring 
the maximum contact at all times, since the contact 
surfaces move only through successive parallel 


Fig. 99. Self-aligning “Wide-angle” 
Contacts in Closed Position 


planes. Sufficient wiping motion is provided to make 
these contacts self-cleaning and they are self-aligning. 

The extended arcing fingers and the detachable 
blade tips are provided with masses of metal to take 
the brunt of the burning. Connections to the stationary 
contacts are made through studs of solid Herkolite 
bushings which are individually removable from the 
frame. 

Breakers of this type were being developed in 16, 
20, 24, and 28-in. tanks and all are rated, 7500 and 
15,000 volts except the breaker in the 16-in. tank, 
which is limited to 7500 volts. The interrupting 
capacities range from 90,000 to 250,000 kv-a. 

A new high-capacity breaker (Fig. 100), utilizing 
heavy round tanks, with a separate tank for each 
phase, supersedes a somewhat similar type and 


Fig. 100. One-phase of High-capacity 
Oil Circuit Breaker Rated 
15,000 Volts, 600 Amp. 


includes a number of improvements. It employs 
boiler-plate top frames and thus obtains a lighter but 
stronger structure: it is available in both the plain- 
break and explosion-chamber-break varieties, and 
utilizes the short-bolt principle of tank suspension, 
the internal mechanism, and other accepted forms of 
construction which make possible the attainment 
of high interrupting capacity. The plain-break 
breakers of this type are equipped with the new wide- 
angle finger and wedge contacts. 


In the explosion-chamber type, the explosion 
chambers are threaded to screw onto their adapters 
instead of being bolted on. This construction pro- 
vides greater strength, decreases the space require- 
ment, and factlitates removal of the chamber for 
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inspection of the stationary arcing contacts. Where 
the rated interrupting capacities warrant, the con- 
tact retainers and adapters are vented to allow 
some of the gas generated to escape upward, through 
the oil, away from the live contacts. Built for rated 
voltages of 15,000, 25,000, and 37,000 volts and with 


Fig. 101. Improved Triple-pole Single-throw Oil 
Circuit Breaker Rated 4500 Volts, 200 Amp. 


normal current ratings of 600 to 4000 amp. these 
breakers use tanks which range in size from 16 to 
36 in. diameter by increments of four inches. The 
interrupting capacities range from 350,000 to 2,000,000 
kv-a., the latter value being obtained by use of the 
36-in. tank which was not previously available. 

Another new indoor oil circuit breaker (Fig. 101), 
for application where the interrupting capacity require- 
ment is relatively small, has normal ratings of 200 amp. 
at 4500 volts and 400 amp. at 2500 volts, and has inter- 
rupting capacities of approximately 2100 amp. at the 
higher or 4250 amp. at the lower of those voltages. 

Pressed-steel construction is employed for the 
frame. The stud is a copper tube, cut to the proper 
length, over which a Herkolite insulating tube 1s 
slipped. The projecting ends of the tube are then 
pressed flat and drilled, thus providing the necessary 
terminals for the stationary finger contacts and for the 
external connections. A supporting ring is then 
clamped tightly around the Herkolite tube, and the 
bushing is complete. Thus not only is the construction 
simplified but the current efficiency is increased be- 
cause of the elimination of unnecessary joints. 

Breakers of this type are adapted for mounting on 
a panel, five inches back of a panel, or on a remote 
framework. They are designed for manual operation 
but can be operated electrically. 
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Supplementing an existing type of breakers de- 
signed for use in manhole or subway installations 
(Fig. 102), new breakers of an unusual type were 
developed, rated 15,000 volts, 400 amp. They have 
an interrupting capacity that is relatively high for 
this class of service and are mounted on framework 
of a height sufficient to permit removal of the tanks, 
thus greatly facilitating inspection or repair of the 
contacts. All joints are water-tight, allowing these 
breakers to remain in operation even though totally 
submerged. 

For outdoor installations where the interrupting 
duty is severe, an entirely new line of high-voltage 
high-interrupting-capacity breakers was designed. 
These breakers are the culmination of a very exten- 
sive testing program including field tests as well 
as tests with the high-interrupting-capacity test- 
ing station previously mentioned (page 48). These 
breakers (Fig. 103) make use of the new boiler-plate 
tank covers, eliminating the heavy cover castings 
formerly emploved and presenting a more attractive 
appearance. The cover is dome shaped as is also the 
tank bottom, thus affording maximum strength with 
minimum possible distortion. The short-bolt principle 
of tank suspension is employed, decreasing the weight 
of the supporting members but at the same time 


Fig. 102. Oil Circuit Breaker Designed for Use in Manhole 
or Subway Installations, Rated 15,000 Volts, 400 Amp. 


materially increasing their strength and effective- 
ness in holding each tank securely against its support- 
ing cover or frame. The mechanisms which operate 
the contacts of each unit have also been improved. 
They are made with both plain-break and explosion- 
chamber-break contacts. The plain-break breakers 
are built for voltages from 15,000 to 154,000 volts, 
inclusive; the corresponding interrupting capacities 
ranging from 350,000 to 750,000 kv-a. Explosion- 
chamber breakers are available for all standard 
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voltages from 15,000 to 220,000 volts, inclusive; 
the corresponding interrupting capacities ranging 
from 750,000 to 2,500,000 kv-a. These ratings approxi- 
mately parallel those of the earlier breakers. In the 
breakers equipped with explosion chambers, the 
explosion-chamber insulation has been materially im- 
proved and the outside overall diameter decreased. 

These breakers can be mounted on structural 
steel framework for voltages up to and including 
SS,000 volts and floor-mounted for higher voltages. 
Convenience of inspection and facilities for operation 
and maintenance 4re provided for by oil drain and 
fill valves, multiple-ratio bushing current trans- 
formers, and manholes for convenience in inspecting 
the interior parts of the larger units. To these breakers 
as well as to other outdoor oil circuit breakers, oil- 
filled bushings have been added for 50,000 and for 
73,000-volt service, replacing the earlier solid type 
bushings. 

The operating mechanisms and miscellaneous 
related devices which were produced included a new 
motor mechanism, a new trip-free solenoid mecha- 


Fig. 103. 


73,000-volt, 600-amp. Triple-pole single-throw Motor-operated 
Oil Circuit Breaker Showing Method of Mounting on Framework 
and How a Tank Can be Lowered for Inspection 


nism, a greatly improved motor-operated centrifugal 
mechanism, and several new time-delay undervoltage 
devices. 

The motor-operated mechanism (Fig. 104) is 
spring-driven, is trip-free, and is designed primarily 
for use in isolated-phase installations; being especially 
advantageous when automatic operation of discon- 
necting switches is desired. It differs principally from 
a somewhat similar mechanism which it supersedes 
in the method of mounting and in the construction 


and general arrangement of its various parts. It 
utilizes a motor to charge two sets of springs which, 
when released by tripping mechanisms, close and 
open the breaker successively. The mechanism 
connecting the springs to the oil circuit breaker 
operating pipes is non-reversible, t.e., it will not 


Fig. 104. Motor-operated Mechanism Designed 
for Use in Isolated- phase Installations 


allow any magnetic or other forces arising in the oil 
circuit breaker units to cause rebound of the mecha- 
nism from the closed position. The disconnecting 
switches may be operated automatically or manually, 
at the discretion of thé operator, and emergency 
manual operation of the entire mechanism is possible. 
This mechanism may be mounted vertically, thus 
making it possible to mount it on the back wall of 
any unit cell in an isolated-phase arrangement, elimi- 
nating the necessity for a separate mechanism floor 
in the station. The fractional horsepower motor will 
operate from a 125-volt or a 250-volt direct-current 
source. 

The trip-free solenoid mechanisms are built in 
two sizes, differing greatly in closing power and in 
appearance. Both are mechanically trip-free at any 
point during the closing stroke and are electrically 
trip-free at any time when an abnormal electrical 
condition occurs on the line. The oil circuit breakers 
can therefore be tripped, if necessary, even while 
closing power is being applied to the solenoid. 

The smaller mechanism (Fig. 105) is used prin- 
cipally for the operation of indoor oil circuit breakers 
of limited size, such as the switchboard and industrial 
types. In addition to its trip-free mechanism, a self- 
contained control contactor is mounted with the 
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auxiliary switches in a housing which has provision 
for conduit connections. Not only is adjustment of the 
auxiliary switches provided, but the use of a double 
shaft makes possible an independent adjustment of 


Fig. 105. Trip-free Solenoid Mechanism for the Operation 
of Indoor Oil Circuit Breakers of Limited Size 


Fig. 106. Trip-free Solenoid Mechanism for the Operation 
of Large Outdoor Oil Circuit Breakers 


the circuit-closing and circuit-opening switches. Pro- 
vision is also made for emergency manual operation. 

The larger mechanism (Fig. 106) has a six-inch 
plunger which permits the attainment of a closing 
force sufficient to operate most of the larger breakers, 
and it is self-contained within a weatherproof housing. 
Space is provided in the solenoid housing for the 


GENERAL ELECTRIC REVIEW 


Vol. 31, No. 1 


self-contained control contactor, the auxiliary switches, 
and for additional relays if required. All of the operat- 
ing links, pins, and bearings are made of non-cor- 
rodible material, and independent adjustment of the 
circuit-closing and circuit-opening switches is pro- 
vided. All control leads are brought to a terminal box 
mounted at the front of the mechanism and provided 
with conduit entrances. Easily removable cover plates 
facilitate inspection of the mechanism and control de- 
vices. The mechanism can also be manually operated. 

The motor-operated centrifugal mechanism which 
was improved is used for the operation of the largest 
oil circuit breakers. To this mechanism a new type 
of latch was applied, especially designed to give 
positive reliable operation and at the same time be 
sensitive to trip. A new self-contained control device 
(Fig. 107) was also added, replacing both the control 
contactor and the special auxiliary switch formerly 
used to control the motor current. 

This control device is closed by completing the 
coil circuit of an electromagnet through the control 
switch for the mechanism. The contacts then com- 
plete the motor circuit and are held closed by a holding 
coil, thus insuring positive operation of the mechanism 
even though the control switch may be released 
before the completion of the closing stroke. Upon 
completion of the closing operation, the contacts of 
the control device are forced apart, mechanically, 
thus preventing any tendency to stick in the closed 


Fig. 107. Motor-control Device for Centrifugal Motor 
Mechanism with Cover and Arc Chute Removed 


position. Adjustment is provided for regulating the 
time of opening of the contacts. 

A new manual closing device was designed for use 
with this mechanism when applied to the larger oil cir- 
cuit breakers, where manual operation by means of a 
bar inserted in the counterweight ceases to be prac- 
tical. This device will allow side operation if desired. 
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The two new undervoltage devices are both de- 
signed to give delayed tripping operation upon 
occurrence of undervoltage, thus preventing the oil 
circuit breakers from tripping out on momentary 
fluctuations of voltage but yet affording full pro- 
tection against serious conditions of undervoltage 
or loss of voltage. They are respectively applicable 
to centrifugal motor-operated mechanisms and to 
manual operating levers. 

Those applicable to the motor mechanisms consist 
essentially of a small motor, a helical spring, and a 
train of gears. When the device is energized, the 
motor (Fig. 108) operates through the gear train 
to store energy in the helical spring (Fig. 109). 
When the predetermined limiting position is at- 
tained, the motor stalls and the spring torque bal- 
ances the motor torque until such time as the line 
voltage may fall to approximately 50 per cent of 
normal, or less. Should such a condition occur, 
the spring would overcome whatever torque the 
motor might have at the reduced voltage and would 
consequently operate the gear train in the reverse 
direction, finally tripping the latch of the motor 
mechanism by means of a trip lever. The time delay 
thus obtained may be varied through a considerable 
range by adjusting the limiting position of the spring. 
Should the line voltage be re-established to a value 
of 80 per cent of normal or more, the motor would 
again serve to wind the spring, storing energy and 
completely resetting the device for another operation. 


Fig. 106. Undervoitage Device with Fig. 109. Undervoltage Device with 
Cover Removed, Showing Cover Removed, Showing Arrange- 
Arrangement of Motor ment of Helical Spring and Gearing 


The device for the manual operating levers obtains 
its time delay from an air bellows (Fig. 110) which 
retards the action of a coil-operated plunger and a 
tripping mechanism. 

So long as the voltage remains at its normal value, 
the coil is energized and the plunger is held up. Should 
the voltage fall to approximately 40 per cent of 


normal the plunger will fall, but it will be retarded 
in its downward motion by the air bellows. It will 
finally operate through the tripping mechanism to 
trip the latch of the manual-operating lever with 


Fig. 110. Undervoltage Device for Use 
in Connection with Manual- 
operating Levers 
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Submersible Type Triple-pole 
Network Protector 


Fig. 111. 


which it is used. Time can be adjusted by the usual 
needle valve arrangement. 


Network Protectors 

Triple-pole network protectors for submersible and 
non-submersible service were developed (Fig. 111), 
in which a motor-operated centrifugal mechanism 
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closes the protector when conditions are normal as 
determined by the operation of a phasing relay and 
polyphase reverse relay now used as standard equip- 
ment. These relays cause the opening of the protector 
to prevent power flow from the network toward the 
feeder. 

The magnetic blowout circuit breaker has main 
contacts of improved design, the movable element 
being a solid piece of copper in place of the laminated 
copper brush formerly used. 

All the faces of the main contacts have silver 
plates 33; in. thick where contact is made between 
stationary and movable elements. This construction 
allows greater currents to be carried without damage 
to the protector as compared with laminated-type 
contacts. An improved form of motor cut-off switch 


Fig. 112. Time-selector Relay for the 
Remote Control of Street Lights 


prevents ‘‘pumping’’ of the breaker. Provision is 
made for the use of fuses where conditions require 
them, and terminals are provided for rope-core cables. 


Relays 

A time-selector relay for use in the remote control 
of street lights by carrier current has a U-magnet, 
energized from the 110-volt mains, which drives a disk 
that is damped by a drag magnet. The disk shaft is 
geared to a mechanism (Fig. 112) which tilts a mercury- 
tube connector to close and open the lighting circuit. 

The mechanism is arranged so that when the disk 
has completed half its full travel (7.e., after five 
seconds) the mercury tube will be tilted to the “on” 
position where it will remain until tilted back to the 
“off”? position when the disk has completed its 
travel (z.e., after ten seconds). If the signal ends 
shortly after five seconds, the disk returns to its 
initial position leaving the tube in the “on” position. 
The disk is then ready to measure out a ten-second 
signal to turn the lights off. 

The tube is always left in the “on” position follow- 
ing a five-second signal and in the “off” position 
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Fig. 113. Temperature Relay for the Protection of 
Machines from Overheated Windings 
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following a ten-second signal no matter which position 
it was in before the signal was sent. 

An induction-type relay was produced which will 
close its contacts and energize an auxiliary device 
if the power-factor of the protected circuit goes 
beyond a predetermined angle of lag or lead. This 
relay is of the same construction as a watthour meter 
except that the recording mechanism has been re- 
placed by contacts. 

An induction relay was 
designed for the protection 
of machines in automatic 
substations from over-heated 
windings. It is of watthour- 
meter construction (Fig. 113) 
andis connected ina ‘‘Wheat- 


Fig. 114. Three-phase Relay for 
Network Protection 


stone Bridge” circuit, where its current coil takes 
the position of the galvanometer. Two resistance- 
temperature detectors embedded in the machine wind- 
ing form two opposite arms of the bridge, while the 
other two arms are resistors of a value to balance the 
bridge slightly below the desired operating tempera- 
ture. The potential coil is connected across the con- 
trol voltage. 

At temperatures below the balance point of the 
bridge, current flows through the current winding in 
one direction, holding the contacts open; but as the 
temperature rises above this point the current, and 
therefore the torque, reverses its direction and closes 
the contacts. This principle was made use of to obtain 
a sensitive and accurate device. 

Conditions on certain low-voltage alternating- 
current networks are such that reliable operation 
cannot be obtained from relays protecting each phase 
separately. A polyphase network relay is now avail- 
able which will disconnect the supply transformer 
from the network when the net flow of power is 
from the network into the transformer and will re- 
connect the transformer when its voltage is of a 
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value which will insure that it take up its share of the 
load without disturbance to the system. 

The new relay consists of three watthour-type 
elements whose disks are mounted on a single shaft 
(Fig. 114) and operate a single set of double-throw 
contacts. Instead of connection studs, the new relay 
has plugs which fit into spring receptacles on the 
panel. The relays are held to the panel by two jack 
screws which free the relay from the panel when 
turned back and, at the same time, force the plugs 
out of the socket; similarly turning the jack screws 
into the panel forces the plugs into the receptacles. 
This arrangement enables defective relays to be 
quickly and easily replaced, so that testing and repair- 
ing can be done outside the man-hole. 


Fig. 115. Speed-control Relay for Synchronizing 
Turbine-driven Generators 


In addition to the polyphase relay, a phasing 
relay is used to prevent the switch member from 
reclosing if the incoming transformer voltage should 
lag the network voltage (due to a faulty regulator 
or too heavy current fed through the network). Such 
a condition would tend to cause pumping because 
of the circulating current set up. This relay is similar 
to one element of the polyphase relay but has closing 
contacts and no tripping contacts. 

A speed-control relay, which is now used to facili- 
tate the synchronizing of turbine-driven generators 
(Fig. 115), has double-throw contacts operated by 
Warren synchronous motors through a differential 
gear in such a way that if one motor is faster than 
the other, one contact is closed, and, if slower, the 
other contact is closed. One motor is connected to 
the bus and the other to the machine being brought 
up to speed. The contacts control the governor and 
increase or decrease the machine speed until it 
corresponds practically to the bus frequency, at 
which point the machine may be synchronized either 
by another relay or by the operator. 

Many improvements were incorporated in some 
of the plunger-type relays. The target is larger and 


it is reset by a push button in front of the relay 
cover instead of a rotating knob. The contacts are 
now silver to silver, which gives them a greater inter- 
rupting capacity than silver to brass contacts. 

Relays with contacts for opening or closing more 
than one circuit (Fig. 116) are equipped with the 
universal type of contact head with which a great 
range of contact settings is possible. The contacts 
will close one, two, or three circuits and open one, 
two, or three others. By using a split-contact bar, 
two electrically separate circuits can be obtained 
instead of three circuits, 
with a common contact. 
The contacts may be either 
hand or electrically reset. 

Relays with instantane- 
ous pick-up and time drop- 
out have a new quick- 
exhaust valve which gives 
an especially rapid pick-up, 
and an inverted toggle 
which gives the contacts a 
snap action during time 
drop-out. 


Selsyn Devices 

A novel application of 
Selsyn motors to a com- 
pound vector indicator 
shows the combined effect 
of two induction-type volt- 
age regulators connected in 
series in the same line. This 
type of device is also ap- 
plicable to many other problems where the combined 
effect of two variables is required. 

The Selsyn motors in the indicator (Fig. 117) 
are each connected to a Selsyn generator driven by 
the operating mechanism of a voltage regulator. At 
the indicator, one Selsyn motor is directly connected 
to the arm which carries the planetary gearing and 
one of the pointers. The other Selsyn motor is con- 
nected, through gearing, to the pointer which rotates 
about the end of the arm. The drive to this pointer 
is through a gear train, one gear of which floats on the 
shaft of the upper Selsyn motor. By means of a polar 
co-ordinate scale, etched on glass (Fig. 118), the 
resulting values are read directly. 

A combined Selsyn water-level indicator and re- 
corder was designed to give a graphic record of vari- 
ations in water level at a distant point. As the water 
level varies, a float rotates the Selsyn transmitter 
and the results are indicated on the dial (Fig. 119) 
and recorded through gearing on a rotating chart 
which may be operated by a spring clockwork or a 
Warren motor. 

Recent developments in Selsyn devices have 
tended to bring them in line with switchboard and 


Fig. 116. Instantaneous Sensitive 
Overcurrent Relay with Electri- 
cally Reset Contacts for Open- 
ing Three Circuits 
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other types of meters and instruments in regard to 
both appearance and compactness of arrangement. 
Typical of the advances made along these lines is an 
indicator (Fig. 120) in which the entire operating 
mechanism is installed in a horizontal, edgewise, 
instrument case. 


METERS 


A new single-phase watthour meter (Fig. 121) is 
one of the outstanding achievements of the year in 
the meter field. Owing to the marked increase in the 


Fig. 117. Motor Elements and Gearing 
for Compound-vector Indicator 


use of electricity for domestic purposes, loads on 
house meters have been becoming greater, bringing 
with them the need of a wider working range over 
which the accuracy of the meter will remain unaf- 


fected. This problem has been successfully met in. 


the new meter. 


Fig. 120. Selsyn Indicator Designed for 
Enclosure in a Horizontal Edgewise 
` Instrument Case 


Fig. 121. 


The inherent characteristic of all induction watt- 
hour meters is to tend to run slow on overloads. It 
has been possible to so reduce this tendency that on 
loads of 200 per cent the new meter experiences 
scarcely any error and at loads as great as 400 per 
cent of normal it is only 2.7 per cent slow. More- 
over, the new five-ampere meter will safely carry 
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Fig. 118. Co-ordinate Scale and Pointers of 
Compound-vector Indicator 


Improved House-type Single-phase 
Watthour Meter 
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loads as great as 40 amp. for short periods without 
detrimental heating. 

Improved overload performance is only one of 
the results of this work and this has been obtained 
without sacrificing any of the other electrical or 
mechanical features found in the preceding design 


Fig. 119. Remote Water-level 
Indicator and Recorder 


such as torque, weight of moving element, influence 
of varying voltage, temperature, power-factor, fre- 
quency, etc. In fact, some of these characteristics 
were actually improved. 

An important factor in securing these results is the 
improved permanent magnet. The full-load speed of 


Fig. 122. Improved Type of Portable In- 
duction Test Meter, Capacity 1/5/10 
Amp., 110 Volts, 60 Cycles 


the disk has been reduced to one-half the previous 
value, requiring twice the damping effect. This is 
obtained by a more efficient use of the damping flux, 
making unnecessary a proportionate increase in the 
size of the permanent magnet. 

A new line of portable test meters was also devel- 
oped (Fig. 122) in which temperature errors have 
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been practically eliminated, giving them load char- 
acteristics closely approaching a straight line through- 
out their working range. They are inherently free 
from the influence of variation in voltage, frequency, 
and wave form to a degree which has not been 
achieved in earlier designs. 

It is frequently necessary in electrical metering to 
obtain the total simultaneous demand on several 
individually metered circuits. In order to make this 
possible, an instrument called a totalizing relay was 
produced, which receives demand impulses from 
contacts on the various watt-hour meters, totalizes 
these impulses, and actuates a single demand meter. 


Fig. 123. Eight-element Totalizing Relay, Showing 
Arrangement of Differential Gearing 


The relay can also be used to obtain the total kilo- 
watt-hour consumption as it contains an indicating 
counter which shows the total number of impulses or 
energy units. This counter also makes it possible to 
check the accuracy of the relay and its associated 
contact devices. ? 

The totalizing relay is operated by solenoids, one 
pair being used for each circuit totalized. The sole- 
noids operate pawls and ratchets, and the individual 
impulses are totalized (Fig. 123) through the use of 
differential gearing. 


LIGHTING 


A preliminary estimate of the sales of incandescent 
lamps in the United States during 1927 indicates 
320,000,000 large and 218,000,000 miniature lamps. 
The former is an increase of about 8,000,000 (about 
21% per cent) and the latter about 16,000,000 (about 
8 per cent) over the previous year. These sales are 


the largest in the history of the industry. The former 
is 75 per cent greater and the latter triple the sales 
(Fig. 124) of ten years ago. 

The industrial lighting campaign of the National 
Electric Light Association, referred to a year ago, 
proved so successful in spreading improved lighting 
practice that a supplementary effort was carried on 
under the same auspices during the early months of 
1927. A number of electric service companies are 
continuing as a more or less permanent feature the 
educational and promotional efforts organized for 
these campaigns. 

Ten-kilowatt Mazda lamps were used in increasing 
quantities, principally for aviation field lighting, 
although some were also used in motion-picture 
studios. Great improvements in these lamps have 
come with increased production, and the indications 
are that they are now a thoroughly reliable product. 

The 5-kw. size was applied to an increasing extent 
to motion-picture studio lighting and the 214-kw. 
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Fig. 124. Number of Incandescent Lampe Sold in the 
United States 1918-1927 (1927 estimated) 


size also found considerable favor in the same field, 
particularly where general illumination relatively 
free from shadow was desired. This was obtained 
by installing a large number of 214-kw. lamps instead 
of a few of the 10-kw. units. 

In the past, it has been found difficult to prevent 
the bases of high-wattage lamps becoming loose, as 
the temperature at the base is so high that the basing 
cement deteriorates during the life of the lamp. To 
prevent this action and insure a permanent secure 
base, a mogul clamp base was produced which is 
mechanically fastened to the lamp and not affected 
by temperature. 

A new lamp base, known as the intermediate 
screw base, was standardized for multiple Christmas- 
tree lamps and also for small lamps used for sign 
and decorative use. It was developed because the 
medium screw base was too bulky for this type of 
lamp and the candelabra screw base was too small. 
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The smallest standard lamp for multiple service 
in the past was the 10-watt sign lamp. A standard 
10-watt lamp of smaller size was designed, which util- 
izes the new intermediate base and is intended to be 
used principally for sign and ornamental lighting. 

Anew 36-watt inside-frosted street-railway lamp was 
standardized. It was especially designed to withstand 
the severe service incident to street railway operation. 

In the ordinary 100-watt Mazda projection lamp, 
the coiling of the wire reduces its effective length to 
about 15 per cent of the length of the straight wire. 
A further improvement reduced the size of the light 
source by taking the coiled filament and recoiling 
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Fig. 125. 100-kw. Projection Lamps, Showing Comparison of 
Coiled Filament and Recoiled Coiled Filament 


it. In lamps made with the recoiled coil filaments (Fig. 
125), the over-all length of the wire is but 3 per cent 
of the length of the straight wire, the area of the light 
source is less than one-half of that occupied by the 
coiled filament, and a material gain in screen illumi- 
nation is secured. 

The difficulty of aligning Edison-base projection 
lamps accurately in optical equipment was eliminated 
by the introduction of a new type of base and socket. 
The base consists of two parts: an inner shell which 
is cemented to the lamp bulb in the usual manner; 
and a flanged cylindrical outer shell which provides 
freedom for tilting and moving the inner shell to 
align the filament to a definite position. As a factory 
operation, the filament is located optically in jigs 
and the two shells are then fastened together. 

The base and socket can be assembled in only one 
position which insures the accurate replacement of 
lamps in projection equipment. While these bases 
have found numerous applications, the largest demand 
is for use with portable motion-picture machines. 
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A new type quartz-neon gas-filled lamp was pro- 
duced which resembles a ball of reddish-orange fire 
when in use and emits practically all its visible 
radiation in the long wavelengths, which tests have 
shown to have great fog-penetrating possibilities. 

Another feature of the new lamp is that it operates 
on low voltage, practically the same as for the lamps 
used in household illumination, whereas previous 
types of neon lamps such as those used in signs require 
a very high potential, often as much as 15,000 volts. 

The low voltage is made possible by use of a hot 
cathode which supplies sufficient electron emission 
in the lamp to supply the current for the luminous 
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Fig. 126. New Design of Semi-indirect Home 


Lighting Fixture 


discharge and also tends to lengthen the life of the 
lamp as compared with previous types. There is also 
less tendency for the neon gas to disappear and 
blacken the lamp when low voltages are used. 

The lamp consists of a small quartz tube wound 
in a close spiral 114-in. in diameter. This is done to 
produce a greater concentrated brilliancy so that, 
when the lamp is placed in one of the standard air- 
port beacons or searchlight projectors, it will produce 
a narrower and more penetrating beam of light than 
if the light source were larger. 

Quartz was used for the lamp because of the heat 
generated in its operation. The temperature is about 
1200 deg. F., which is above the fusion point of glass 
whereas quartz will safely withstand temperatures 
up to 2000 deg. 


Home Lighting 

In the field of home lighting the falling off in the 
number of new wiring installations led to an analysis 
which indicates that the electrical industry has 
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nearly completed the undertaking of putting wiring 
into homes where electric service is available. It is 
estimated that 16,000,000 houses in the United 
States are now wired for electric light, and that at 
the present time there are only about 2,000,000 
unwired houses within reach of electric power 
lines. 

The realization of this condition is having a 
marked effect upon the commercial elements of the 
industry and inducing them to give heed to the 
advice of the illuminating engineering group which 
has been pointing out the inadequacy of present 
wiring and luminaire installations to meet the needs 
and desires of American families. 

The coöperating committees of the Association of 
Edison Illuminating Companies and the Illuminating 
Engineering Society prepared preliminary speci- 


The use of luminous ornaments (Fig. 127) has for 
a long time been a small factor in home lighting, but 
a new note was sounded which bids fair to encourage 
a widespread conscious application of the practice. 
A new Mazda lamp was especially designed for this 
purpose. 


Street Lighting 

There were two commercial applications of carrier 
current street lighting control; one on the lines of the 
New York State Power Corporation at Glens Falls 
(N.Y.); and the other on the lines of the Pacific 
Gas and Electric Company at San Francisco. These 
are among the first commercial applications of this 
system of control for street lighting. 

A new control switch (Fig. 128) for multiple street- 
lighting service for use in each lamp standard is a 


Fig. 127. Luminous Ornaments for which a Special Type of Incandescent Lamp was Designed 


fications for improved equipment, covering illumi- 
nating performance, electrical and mechanical con- 
struction, and appearance both lighted and unlighted. 

An interesting feature of these specifications is 
the glare measurement, which is made in terms of the 
wattage of the incandescent lamp, enclosed in a 
6-in. immside-frosted ball globe which is found upon 
observation to be equal in eye comfort to the lumi- 
naire under test. Ratings and limits were established 
and a considerable number of observations were made 
under this system, with surprising uniformity in the 
results. These specifications should have a salutary 
effect upon the practice of equipment design and 
leading fixture manufacturers have already developed 
lines of luminaires in accordance with them. 

Some of the new designs incorporate the semi- 
indirect method of lighting in new forms (Fig. 126) 
which are hardly recognizable as being related in 
principle to the old-style inverted bowls. They have 
demonstrated that effectiveness and artistic appear- 
ance are not necessarily opposing requirements. 

The home lighting committee of the N. E. L. A. 
adopted the Edison I. E. S. Specifications and 
induced a number of electric service companies to 
undertake refixturing campaigns. The electrical group 
in Chicago made some slight changes in these Speci- 
fications to meet local conditions and issued them 
under the name of ‘‘ Franklin Specifications. ” 


single-pole single-throw contact unit rated 7 amp. 
at 125 volts. In the design of this switch it was neces- 
sary to take care of the high-current in-rush when the 
circuit is closed on a cold incandescent lamp. There- 
fore, the circuit is made and broken through a pair 
of silver-to-carbon contacts. 

Occasional open circuits in series street lighting 
systems are unavoidable, especially on aerial circuits, 
and it is desirable from the standpoint of safety 
that when an open-circuit does occur the primary 
of the main transformer be deénergized. A protector 
was developed to operate in conjunction with a con- 
troller and its function is to open the switch in the 
controller immediately upon the occurrence of an 
open-circuit in the secondary of the main trans- 
former. 

The mechanism of the protector (Fig. 129) con- 
sists of two solenoids working in opposition, with a 
common armature. One solenoid is energized by the 
controlling circuit, the other by the load circuit to 
be protected. Under normal conditions, both coils 
are energized and the common armature remains in 
its lower position. When an open-circuit occurs in 
the load circuit, the lower solenoid is deénergized 
and the armature arises instantly due to the over- 
balancing of the upper solenoid. This movement of 
the armature actuates a contact which deénergizes 
the operating coil of the controller. 
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The protector can be reset by means of a push 
rod located at the top of the protector, reconnecting 
the transformer to the main feeder system. It may 
also be reset by flashing the control circuit. 

The mechanism is housed in a weatherproof casing 
drawn from copper-bearing steel and the working 
parts are submerged in oil for insulation and damping. 

A new form of dome refractor was designed which 
would direct the light from the building side of a 


Fig. 128. Individual-lamp Control 
Switch for Multiple Street- 
lighting Service 


Fig. 129. Protector for Open-circuit 
Conditions on Series Street- 
lighting Systems 


street-lighting system and redirect it to the road 
surface. It is a modification of the original dome 
refractor which gave symmetrical distribution and 
redirected to the ground the light that would normally 
go into the upper hemisphere. 

A number of new ornamental type lanterns were 
designed for street lighting systems; one of these util- 
izes aluminum for all castings. One-half of the lantern 
can be swung open and the canopy is hinged so that it 
can be swung back, this arrangement making the light- 
ing unit readily accessible for cleaning or inspection. 


Fig. 130. 


Improved Type of Traffic-signal Timer 


Motor Vehicle Lighting 

The policy of the Eastern Conference of Motor 
Vehicle Administrators in approving only complete 
headlamp units resulted in a marked improvement 
in the quality of headlamps. Tentative specifications 
were adopted covering the depressible beam type 
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headlamps, pending the formulation by the Illumi- 
nating Engineering Society of complete test specifica- 
tions. This type of headlight equipment is now used 
on approximately 30 per cent of our standard cars. 

The use of auxiliary driving lights increased. In 
some cases, they supplement the fixed-beam type of 
lighting, so that by switching from the main head- 
lamps to the auxiliary units a depressed beam is 
obtained. They are also used to throw more light on 


Fig. 131. Standard 24-in. 
Rotating Airway 
Beacon 


Fig. 132. Automatic Lamp 
Changer for Airway 
Beacon 


the right-hand portion of the road to give better 
illumination of the ditch or edge of the road surface. 
One form of auxiliary driving light is designed to 
move with the wheels so as to furnish more light 
on the right or left-hand side of the road when the 
vehicle is turning a curve or sharp corner. 


Katrak | | 
oh 


Fig. 133. Airport Twin Floodlight Using Two 
5-kw. or 10-kw. Lamps 
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Traffic Control 

To keep pace with the increased demand for 
automatic traffic-control equipment, a timer (Fig. 
130) having increased flexibility of adjustment and 
refinement of construction was produced. With this 
device all time adjustments, including variation of 
the amber signals, are easily made and certain special 
traffic cycles can be obtained, such as the use of an 
overlapping amber following the green only. 


Aviation Lighting 

Under the present program of the Department of 
Commerce for the establishment of lighted airways 
as required by the Air Commerce Act of 1926, the 
United States will have by June 30, 1928, 8121 miles 


A new type of airport floodlight (Fig. 133) uses 
large current lamps such as the 5-kw. and 10-kw. 
It consists of two 24-in. searchlights contained in 
one housing, the front-door glass of the searchlight 
being composed of diverging glass strips which spread 
the light over a large area, at the same time the 
vertical spread being confined to a narrow limit by 
louvres. Automatic control of the floodlight from 
a distance is provided. 

The lighting of the planes themselves consists 
largely of red, green, and white lights; usually 12- 
volt 21-c.p. lamps carried on the wing tips, and a pair 
of 12-volt 35-amp. landing lights for use in emergency 
and landing on unlighted fields. In the large cabin-type 
planes, the interiors of the cabins are also lighted. 


Fig. 134. Boston & Maine Railroad Yard at Mechanicville (N. Y.), Showing Illumination Obtained by Floodlighting 


of lighted airways. They will have revolving beacons 
located at 10-mile intervals and intermediate fields 
with boundary light marking at every third beacon, 
or 30 miles apart. 

The 24-in. rotating beacon now standard on 
American Airways (Fig. 131) has many advantages 
over those formerly used by the Airmail Service. By 
removing the sheet metal cover from the under side 
of the base, all the working parts are exposed to view 
and are readily accessible for oiling or adjustment. 
The barrel of the searchlight is made an integral 
casting of aluminum and very light shields have been 
added to the inside of the front door to prevent 
stray light striking the ground near the beacon. 

An automatic lamp changer (Fig. 132), upon the 
failure of the operating lamp in the beacon, auto- 
matically swings a second lamp into place at the 
focal point of the mirror, at the same time making 
connections to bring this lamp into the circuit. The 
mechanism of this lamp changer is positive, and 
being operated electromagnetically, there is no 
time delay such as occurs with thermostatically- 
operated changers. The total weight of the beacon 
was also reduced to facilitate its erection on the 5l- 
ft. steel towers used on the airway. 


Floodlighting 

The Association of Railway Electrical Engineers 
prepared a specification for the testing of flood- 
lights, such as are used in classification yards, 
for the purpose of insuring a true and comparable 
method of evaluating the performance of such 
equipment. 

There were numerous detailed improvements in the 
floodlight projectors for railroad yards and a number 
of new installations were made as the result of the 
benefits derived from the pioneer equipments. An 
example of modern practice in this field (Fig. 134) 
is found in the Mechanicville Yard of the Boston 
and Maine Railroad. Other railroad yards similarly 
equipped include the Terminal Railway Yard at 
Louisville (Ky.), the Coxton Yard, Tufts Farm Yard, 
and Suspension Bridge Yard of the Lehigh Valley 
Railroad Company. 

The submersible fountain-type projector was applied 
to a number of panchromatic electric fountains and was 
also for the first time utilized for the under-water 
illumination of a swimming pool. This form of illumi- 
nation gives better visibility than can be obtained 
by locating the floodlights above the surface of the 


‘water. 
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Fig. 135. Paramount Theater and Office Building in New York City Illuminated by Floodlight Projectors 
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There were numerous applications of floodlighting 
for the illumination of buildings, and detailed studies 
in regard to the lighting effects produced by different 
classes of building materials were made by illuminat- 
ing engineers in collaboration with architects and 
building material associations. The object of these 
studies was to secure more effective use of floodlight- 
ing both from the standpoint of appearance and econ- 


Fig. 136. Saratoga Battlefield Monument at Schuylerville (N. Y.), 
Floodlighted 


omy. Outstanding examples of building floodlighting 
during the year were the Paramount Theater and Office 
Building, New York City (Fig. 135), and the Pennsy]l- 
vania Power and Lighting Building in Allentown (Pa.). 

In October, the 150th anniversary of the Battle 
of Saratoga was celebrated by historical pageants 
supplemented by the illumination (Fig. 136) of the 
Schuylerville (N. Y.) battlefield monument. This was 
floodlighted by means of sixteen 18-in. 1200-watt incan- 
descent floodlighting projectors, each unit having a 
beam capacity of 5,000,000 candlepower. All four 


sides of the structure were lighted to an intensity of 
20 foot-candles. 

In August, an industrial exposition was held in 
the city of Cleveland (O.), the central feature being 
a 220-ft. illuminated tower (Fig. 137) known as the 
jewelled tower of music. 

The principal structure consisted of a 200-ft. 
steel radio tower surmounted by a 20-ft. jewelled 


Fig. 137. The Jewelled Tower of Music at the Cleveland 
Industrial Exposition 


sunburst. The lower 80 ft. of the structure formed an 
ornamental housing for six super-panatropes, a new 
type of auditorium loudspeaker. The base of the 
tower was surrounded by a 90-ft. basin fed by cas- 
cades issuing from the base of the tower. 

The total illumination from the searchlights which 
were utilized for this display was approximately 
300,000,000 candlepower, and each searchlight was 
equipped with color screens so that practically an 
unlimited variety of color combinations was avail- 
able for both the tower and the cascades. 
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Progress in Radio Receiving During 1927 


By DR. ALFRED N. GOLDSMITH 
Chief Broadcast Engineer, Radio Corporation of America 


HERE are some years in the development of 
radio which mark the end of one era and the 
beginning of another. Among these years has 

been 1927, for during this year certain basic tendencies 
have demonstrated their importance in radio devel- 
opment, have been definitely accepted by the engi- 
neers and the public, and may now be expected to 
lead to further continued development along proved 
lines. | 

It is now recognized that the era of unregulated or 
only partially regulated radio transmission has come 
to an end. The passage of the Federal Radio Act of 
1927, and the appointment of the Federal Radio 
Commission under the provisions of the Law, have 
for the first time enabled the Governmental regulating 


Fig. 1. 


A Single-selector Battery-operated Receiver, 
Radiola 16 


powers to be exercised systematically in the direction 
of minimizing interference between broadcasting sta- 
tions and the allocation of frequencies to such stations 
based on a nationally applicable plan and yet flexible 
toward lacal conditions. The excellent preliminary 
work of the Department of Commerce along these 
lines prior to the passage of the 1927 Radio Law has 
been utilized as a foundation by the Federal Radio 
Commission. One great contribution of the Commis- 
sion has been its consistent unwillingness to permit 
the erection and operation of unnecessary additional 
broadcasting stations in regions already adequately 
served. 

The circumstances just mentioned have had a 
considerable influence on radio receiver design. Since 
it has become evident that an indefinite multiplication 
of stations will not be permitted, and that the conges- 
‘tion of stations in a given district will be greatly 
reduced and the field strengths corresponding to the 


various program signals will be systematically 
increased, the designers of receiving sets have been 
enabled to produce generally useful but simple and 
compact receivers with greater assurance than hereto- 
fore. It is now reasonably certain that stations of 
considerable power having frequency allocations less 
than 50 kc. apart will not be erected within a given 
district; that the building of powerful stations in 
regions of high population density will be discouraged; 
and that stations giving a demonstrably valuable 
service to the public will be afforded channels for 
clear reception up to the reasonable range of the 
station. 

The end of the era of low-power broadcasting 
transmitters and freak long-distance reception is also 
at hand. Transmitters of 5 to 50-kw. capacity have 
become increasingly common, and several stations of 


Fig. 2. 


A Socket-power-operated Single-selector Receiver, 
Radiola 17 


50 kw. have either been established during the year 
or are planned for early erection. Experimentally, a 
power of 100 kw. has been successfully used by Station 
WGY at Schenectady. These station powers are in 
marked contrast to the half-kilowatt power of the 
average station only a few years ago, which was at 
that time regarded with entirely undue optimism as 
capable of spanning tremendous distances. 
Concurrent with the use of transmitters having a 
power of several tens of kilowatts has been the inevit- 
able improvement of radio reception in millions of 
homes. Signal field strengths capable of riding above 
local man-made and atmospheric electrical disturb- 
ances have become so common in the more fortunate 
districts of the United States that the listeners have 
been definitely educated to regard such powerful and 
clear signals as normal. At the same time, the average 
listener naturally is dissatisfied with the feeble and 
mangled signal from distant stations and, as a result, 
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only those listeners who are compelled by their 
location to listen exclusively to distant stations 
constitute any considerable percentage of ‘‘long- 
distance searchers.” This change in listener psychol- 
ogy, corresponding to a demand for loud and clear 
signals and a refusal to listen to weak or mutilated 
signals, together with a considerable loss of interest 
in distant reception, has brought to the fore the 
matter of quality or fidelity of tone reproduction. 
The influence of this demand by the listeners has led 
to the widespread use of higher quality loud speakers, 
capable of giving considerable sound intensities and 
fed from so-called ‘‘ power tubes” in the last audio- 


Y 


frequency stage of the receiving set. Where a few 


Fig. 3. A Superheterodyne Receiver, Radiola 30-A, Consisting of 
Radiola 28 and Model 100-A Loud Speaker 


hundredths of a watt was at one time regarded as 
adequate for the final practically undistorted audio- 
frequency output of a receiver, today a power in 
excess of a watt is becoming common. 

As a result of this evolution in the acoustic system 
of receiving sets, listeners are now enabled to secure a 
reasonably faithful and natural reproduction of the 
original studio performance, and an increasingly 
critical musical faculty is being developed among 
listeners. Persons who several years ago hardly knew 
one note from another are today enjoying well- 
reproduced symphony concerts and are developing 
a real understanding of the higher types of musical 
entertainment. 

The listeners are concentrating their attention on 
local stations which give high-quality programs and 
produce loud and clear signals in theif vicinity, and 
this audience demands receiving sets having excellent 
tonal quality of reproduction with adequate volume 
of sound. As is but natural, such listeners insist also 
upon simplicity of operation. 


We have therefore also come to the end of the era 
of radio receivers which are complicated to operate. 
Today, the single-selector (uni-control) type of receiv- 
ing set is practically standard. A minimum of receiver 
adjustments is regarded with favor by the listeners, 
and even more marked is the tendency toward 
socket power operation of receiving sets. The replace- 
ment or charging of batteries is on the decline. Simple 
and reliable receivers utilizing lighting circuit power 
exclusively for their operation have now become 
widely available, and the public response to them 
has been so enthusiastic that there can be no question 
that the socket-power-operated receiver is the type 
to be most generally used during the next radio era. 

A number of receiving sets have been made available 
during 1927 which clearly belong to the new era in 
radio reception. 

Typical of the simplicity of the modern receiver is 
Radiola 16, a six-tube antenna set having only two 
controls, one for station selection and one for volume. 
This receiver, Fig. 1, is adapted for use in circum- 
stances or neighborhoods where batteries are regarded 
as necessary or desirable. The receiver has three 
tuned radio-frequency circuits, is inexpensive, and 
utilizes standard UX-201-A Radiotrons in all except 
the final output stage which utilizes the power- 
amplifier Radiotron UX-112. 

Another receiver, Fig. 2. clearly illustrating the 
simplicity of the modern operation of such devices is 
Radiola 17. This also is a six-tube receiver, utilizing 
an antenna and having three tuned radio-frequency 
circuits. Adequate output volume is given by the 
use of the power-amplifier Radiotron UX-171 for the 
last stage of audio-frequency amplification. This 
receiver is specifically adapted for socket-power 
operation and requires no batteries or external device 
of any sort. It will operate from alternating current of 
either the 50- to 60-cycle range, or (in an alternative 
form) the 25- to 40-cycle range. This receiver employs 
new alternating-current radiotrons, which are de- 
scribed later in this article. This receiver, as well as 
the preceding, has been produced in the “ popular- 
price range” and, when utilized with a corresponding 
high-quality loud speaker, is capable of furnishing 
musically satisfactory service. 

A receiver of greater selectivity and more elegance 
throughout, and with a design based on the same 
modern ideals of radio reception, is shown in Fig. 3 and 
known as Radiola 30-A. This is a combination in a 
single cabinet of Radiola 28 (superheterodyne) and 
Model 100-A Loud Speaker. The receiver employs a 
small antenna, and is equipped for complete socket- 
power operation on either 40- to 60-cycle alternating 
current or (in an alternative form) on direct current. 
The output tube is of the Radiotron UX-171 type. 

The Model 104 Loud Speaker has proved extremely 
successful as a device capable of giving fidelity of tone 
reproduction and sound volume which have astonished 
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many music lovers previously unconvinced of the 
musical capabilities of high-grade radio reception. 
This device has been embodied in Radiola 32, views 
of which are shown in Figs. 4 and 5. 


Fig. 4. A Socket-power-operated Superheterodyne Receiver, Radiola 32, 
Consisting of Radiola 28 and Model 104 Loud Speaker 


Unusually difficult electrical and acoustical prob- 
lems are presented when placing in a single cabinet an 
extremely sensitive loop receiver, a power-output tube, 
and a loud speaker of wide tonal range and capable of 
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Fig. 5. Interior of the Receiver in Fig. 4 (viewed from the rear), Showing the 
Loud Speaker, Receiver Catacomb, Loop Antenna, and Socket-power Device 
which is of the Direct-current Type in the Set Illustrated 
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producing sounds of great intensity, particularly as 
it is necessary to maintain high quality of reproduc- 
tion despite the effect of the cabinet enclosure. The 
enormous amplification which exists in a highly 
sensitive radio receiver further complicates the pro- 
duction of such an effective system. There have been 
developed certain electrical and acoustical expedients 
which are embodied in the Radiola 32 and which lead 
to the same performance as that of its component 
parts, Radiola 28 (superheterodyne) and Model 104 


Fig. 6. Radiola Loud Speaker Model 100-A 


Loud Speaker. The receiver is operated on a loop or 
antenna as desired, and can be used with socket 
power operation on 40- to 60-cycle alternating current 
or (in another form) on direct current. In the alter- 
nating current form, a UX-210 Radiotron is utilized 
as the output tube. 


Loud Speakers 

The public is becoming increasingly critical of 
loud speakers that are incapable of delivering con- 
siderable sound outputs without rattling or other 
disturbing effects. It has also become 
increasingly insistent on the proper re- 
production of the lower audio-frequency 
tones (which give body and mellowness 
to music, and naturalness to speech) as 
well as the higher frequencies. In Figs. 6 
and 7 1s shown a new seven-inch cone 
loud speaker, Model 100-A, which has 
been produced and which is essentially a 
considerably improved Model 100 type 
in a newly designed case. Greater vol- 
ume can be secured with this loud 
speaker without any rattling, the con- 
struction of the driving motor has been 
made more substantial, and the acoustic 
response curve has been improved. 

A curious result of the excellence of 
performance of the loud speaker Model 
104 has been the insistence of persons 
residing in districts served by direct 
current that a device of the same capa- 
bilities be developed for them as well. 
Accordingly, there has been produced a 
Model 104 direct-current loud speaker, 
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Fig. 8, for operation on 110-volt circuits. This de- 
vice is provided with a new socket power unit 
incorporating a group of four UX-171-A Radiotrons 
operating on lower plate voltages. These four out- 
put tubes are arranged as a balanced single-stage 
amplifier (push-pull). 


Fig. 7. Cone, Mounting, Driving Motor, and Filter 
of the Loud Speaker Shown in Fig. 6 


Vacuum Tubes 

As a necessary part of the rapid development of the 
socket-power-operated receiver, there have been 
produced a number of alternating-current tubes 
during the year. Some other important types of tubes 
have also been made available commercially. 


Fig. 8. Rear View of Direct-current Form of Radiola Loud Speaker 
Model 104, Showing Socket-power Device and Power Amplifier 


Alternating-current Tubes | 

There are two main groups of alternating-current 
tubes. The first employs alternating current directly 
as a source of filament supply. This “raw a-c.” type 
of tube, Fig. 9, is known as Radiotron UX-226 and 


has a special low-voltage high-current filament which 
permits direct excitation of the filament by alternating 
current. The average characteristics of this tube at 
proper voltages are as follows: plate voltage 135, 
negative grid voltage 9, filament voltage 1.5, filament 
current 1.05 amp., plate current 5.2 milliamperes, 


Fig. 9. Alternating-current Radiotron UX-226 
(“Raw A-c.” Filament Type) 


voltage amplification 8.2, and plate resistance 8000 
ohms. 

The second type of alternating-current tube 
employs an indirectly-heated cathode, t.e., an equi- 
potential cathode which is heated by a low-voltage 
alternating-current heater element but is not electri- 
cally connected to the heater. It is known as Radiotron 
UY-227 and is illustrated in Fig. 10. The output of 
such a tube is markedly free from “hum” and such 
tubes are therefore especially suitable for use as 
detectors. The tube is inherently more elaborately 
constructed than the UX-226 type. Its average 
characteristics at proper voltages are: plate voltage 90, 


Fig. 10. Alternating-current Radiotron UY-227 
(Equipotential-cathode or Heater Type) 


negative grid voltage 6, filament voltage 2.5, filament 
current 1.75 amp., plate current 2.8 milliamperes, 
voltage amplification 9, plate resistance 10,000 ohms, 
and mutual conductance 900 micromhos. When used 
as a detector, the preceding values are changed by 
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using zero grid voltage and a reduction of plate 
voltage to 45 volts. 


Rectifiers 

A new heavy-duty oxide-coated-filament type of 
full-wave rectifier has been produced as the Radiotron 
UX-280. This tube, which is shown at the left in Fig. 
11, is of sturdy construction and the plates have been 
specially treated to insure its having a long life. Its 
normal characteristics are as follows: maximum 
applied alternating-current voltage (r.m.s.) 300 volts 
per anode, filament voltage 5, filament current 2 
amp., and maximum direct-current output 125 milli- 
amperes. 


Fig. 11. Full-wave, Heavy-duty, Oxide-coated-filament Rectifier Tube, 
Radiotron UX-280; and Half-wave, Heavy-duty, Oxide-coated- 
filament Rectifier Tube, Radiotron UX-281 


Another heavy-duty oxide-coated-filament type of 
rectifier, but for half-wave rectification, 1s known as 
the Radiotron UX-281 and appears at the right in 
Fig. 11. It is generally similar to the U-X-280 tube and 
is useful where higher voltages are desired as indi- 
cated by the following characteristics: rated applied 
alternating-current voltage (r.m.s.) 650 to 750, fila- 
ment voltage 7.5, filament current 1.25 amp., and 
rated direct-current output 65 to 110 milliamperes. 


Four-electrode Tube 


There has recently been developed a shielded-grid 
amplifier tube known as Radiotron UX-222. This 
tube, Fig. 12, has a very small effective plate-to-grid 
capacitance (approximately 0.025 micromicrofarads). 
This characteristic, together with its high-voltage 
amplification factor, makes it especially suitable for 
radio-frequency amplification. Tubes of this type may 
also be used as two-grid tubes in resistance-coupled 
audio-frequency amplifiers. 

The approximate characteristics of such a tube when 
used as a screen-grid amplifier are as follows: filament 
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voltage 3.3, negative bias of first grid 1.5 volts, 
positive voltage of screen grid 45, filament current 
125 milliamperes, plate voltage 135, plate current 
1.7 milliamperes, plate resistance 850,000 ohms, 
mutual conductance 340 micromhos, and, most 
unusual of all, a voltage amplification factor of 300. 
The possibilities of tubes of this type in the field of 
radio frequency amplification are being rapidly 
developed and it is already evident that they afford a 
powerful tool to the designer of radio receivers. 


Electric Phonograph 

The refining of circuit design and construction of 
radio receivers has been paralleled during 1927 by that 
of electric phonograph equipment. These devices 
consist essentially of a “pick-up,” which is generally 
an electro-magnetic device producing an output volt- 
age of wave form controlled by the movement of the 


Fig. 12. Four-electrode Tube Having a Voltage 
Amplification Factor of 300, Radiotron 
UX-222 


needle which rests in the phonograph record groove; 
a suitable volume control and filter circuit; an audio- 
frequency amplifier having a power output tube; 


and a high-quality loud speaker. The fidelity of music 


reproduction obtainable from the electric phonograph 
is so high that the public interest in these devices has 
steadily grown. An effective and economical arrange- 
ment consists in the combination of an electric 
phonograph with a radio receiver, the electric phono- 
graph utilizing the same audio-frequency amplifier 
system and loud speaker as is alternatively employed 
for radio reception. 

Carefully developed forms of this combination 
instrument have been produced in a number of differ- 
ent types. Those utilizing the Radiola 28 (super- 
heterodyne) receiver, Model 104 Loud Speaker, and 
associated electric phonograph mechanism in one 
cabinet are typical of the furthest development of 
such devices yet reached commercially. 

One of these is the Electrola-Radiola Model 9-55, 
a Victor Talking Machine Company product, Figs. 
13 and 14. This electric phonograph is provided 
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with an automatic record-changing mechanism where- Such devices have a wide range of musical capabili- 
by a sequence of records comprising an entire program ties and combine in themselves all of the possibilities 
can be heard in succession without any manipulation of modern radio reception and the production of music 
of the machine by the listener. from the most recent records made by electrical 


Fig. 13. Victor Electrola-Radiola Showing Automatic Electric Fig. 14. Rear View of the Combined Radio Receiver and 
Phonograph Mechanism and Radiola 28 Electric Phonograph Shown in Fig. 13 


Fig. 15. Brunswick Panatrope-Radiola, Showing Radiola 28, Fig. 16. Rear View of the Combined Radio Receiver and 
Loop Control, and Electric Phonograph Electric Phonograph Shown in Fig. 15 


Another arrangement of the electric phonograph, recording processes. The two methods of musical 
known as the “ Panatrope,’’ and Radiola 28 (super- reproduction, combined in one instrument, have 
heterodyne), is the Model PR-138-C, a product of shown themselves to be mutually complementary in 
the Brunswick Balke Collender Company, Figs. 15 many respects, and give new and valuable musical 
and 16. l service and entertainment. 
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ditt Condensed references to some of the more important recent 
1) ee articles in the technical press, and to new books of interest to 
the industry, as selected by the General Electric Main Library. 


Carrier-Current Communication 
Coupling Na gaa for Carrier Current Applications. 


A.J. Tie E. Jour., Oct., 1927; v. 46, pp. 1051-1056. 


Circuit Breakers ; 
Rules o Applying Oil Circuit Breakers. H. G. Mac. 
on 
Power, Sept. 20, 1927; v. 66, pp. 428-431. 
(Factors to be taken into consideration when selecting 
and using them. Author is a Westinghouse engi- 
neer. 


Circuit Breakers— Testing 
Contribution to the Study of the Number of Tests Re- 
ae to Establish the a eat Capacity of an 
Circuit Breaker. edmore and others. 
I. E. E. Jour., Oct., 1927; 7. ' 65, pp. 918-931. 
(Report G/ T28 of the British Electrical and Allied 
Industries Research Assoc.) 


Condensers, Steam 
Conductivity Methods of Measuring Condenser Leakage. 
Henry C. Parker and Willard N. Greer. 
Power, Sept. 27, 1927; v. 66, pp. 476-481. 
(Pertains to test methods for steam condensers. ) 
Determination of Most Economical Condenser Installation 
for a Given Power Plant. 
Mech. Engng., Oct., 1927; v. 49, pp. 1115-1119. 


Current-Collecting Devices 
Current Collection from an Overhead Contact System 
ag pea to Railroad Operation. S. M. Viele. 
E. Jour., Oct., 1927; v. 46, pp. 1081-1089. 
u A A 


Electric Cables 
Super-Tension Cables. Percy Dunsheath. 
Engng., Oct. 14, 1927; v. 124, pp. 501-504. 
(From a paper read before the British Assoc.) 


Electric Cables— Testing 


High-Voltage Measurements on Cables and Insulators. 
. Kasson. 
A. 1. E. E. Jour., Oct., 1927; v. 46, pp. 1065-1073. 
(Abridgment.) 


Electric Control Systems 

Automatic Control of Synchronous Motors. J. H. Hall. 
Iron & St. Engr., Oct., 1927; v. 4, pp. 427-435. 

Experience with Supervisory System. F. O. Jenkins. 
Elec. Wld., Sept. 24, 1927; v. 90, pp. 613-616. 

(Experiences of the Kansas City Power & Light Co.) 
Time-limit Control of Loads Having Large Inertia. B. W. 
Jones. 

Ind. Engng., Oct., 1927; v. 85, pp. 453-456. 


Electric Current Rectifiers 
Iron Type Mercury-arc Power Rectifiers. H. Platz. 
AEG Progress, Sept., 1927; v. 3, pp. 273-278. 
(An illustrated account of A.E.G. apparatus.) 


Electric Distribution 
High-Tension Service for Industrial Customers. Oscar 
Bauhan. 
Elec. Wld., Oct. 1, 1927; v. 90, pp. 651-654. 
(On methods used by the Public Service Electric & 
Gas Co. for distributing energy at high voltages.) 
Electric Drive—Steel Mills °°! 
Electrification of the Tata Iron Works at Jamshedpur. 


S. Ghosh. 
Iron & St. Engr., Sept., 1927; v. 4, pp. 404-413. 


Electric Drive-—Steel Mills 
New Wide Stripsheet Mill Employs Electric Driven 
Screwdowns. 
Iron Tr. Rev., Sept. 15, 1927; v. 81, pp. 656-659. 
(Illustrated description of equipment in a mill of the 
Trumbull Steel Co.) 


Electric Lighting—Aviation 
Illumination of Flying Fields. J. b Whitbeck. 
ay rs. & Engng., Sept., 1927; v. 44, pp. 239-241. 
rom a paper read before the LE.S. ) 


Electric Transformers 
Repair Abate Replacement of Old Transformers. Maurice 


Power, Oct. 11, 1927; v. 66, pp. 552-554.. 
(A method for determining whether an old trans- 
former should be repaired or replaced.) 


Electric Transmission 


Underground Transmission at 66, 000 Volts in Philadel- 
phia. Howard S. Phelps. 
Engrs. & Engng., Sept., 1927; v. 44, PP 229-232. 
(An account of an installation of the Philadelphia 
Electric Co.) 


Electrical Machinery—Parallel Operation 


Operation of Series Motors in Parallel When Rigidly 
Cou ne to the Same Load. J. A. Jackson. 
Iron & St. Engr., Oct., 1927; v. 4, pp. 423-427. 


Electricity—Applications—Agriculture 
Transport on the Farm. R. Borlase Matthews. 
Engng., Sept. 16, 1927; v. 124, pp. 372-375. 
(Has special reference to the merits of electrically- 
rd palate transporting and handling devices for 
arm use. 


Electricity—Applications—Petroleum 


Rushing ig to Meet New Oil Field Demand. R. F. 
anne 
Elec. Wld., "Oct. 1, 1927; v. 90, pp. 655-659. 
(Methods used by the Oklahoma Gas & Elec. Co. 
ie eee electric power in the Oklahoma oil 
elds. 


Fans 
Characteristics of Centrifugal Fans. T. G. Estep and 


C. A. Carpenter. 
Engrs. Soc. of W. Pa. Proc., July, 1927; v. 43, pp. 306-332. 


High Frequency 
High-Frequency Measurements; Report of Committee on 
Instruments and Measurements. 
A. I. E. E. Jour., Oct., 1927; v. 46, pp. 1033- 1038. 
(Includes a classified bibliography, pp. 1038-1040.) 


Insulating Oils 
Centrifugal Clarification of Oil. J. A. B. Rennie. 
Inst. Engrs. & Shipbuilders, Trans., Sept., 1927; v. 70, 
pp. 766-775. 
(On the reclamation of lubricating and insulating oils.) 


Insulating Oils— Testing 


Evaluation of Transformer Oils. J. G. Ford. 
Ind. & Engng., Chem. Oct., 1927; v. 19, pp. 1165-1171. 


Insulation 
Electrical Resistivity of Insulating Materials. Harvey L. 
Curtis. 
A. I.. E. E. Jour., Oct., 1927; v. 46, pp. 1095-1102. 
(Includes a bibliography of 74 entries, pp. 1102-1103.) 
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Lighting 
Year’s Progress in Illumination, 1926-1927. 
Illum. Engng. Soc. Trans., Sept., 1927; v. 22, pp. 689-824. 
(The 1927 report of the I.E.S. Committee on Progress. 
Includes 641 bibliographic footnotes, and an 
index.) 
Load Dispatching 
Dispatchers’ Facilities for Supervising Operation of Wide- 
spread System. A. R. Leinbach. 
Elec. Wid., Sept. 17, 1927; v. 90, pp. 555-557. 
(Illustrated description of equipment used by the 
Metropolitan Edison Co., Reading, Pa.) 


Locomotives, Gas-Electric 


Internal-Combustion Engines 
A. H. Candee. . 
Soc. Auto. Engrs. Jour., Oct., 1927; v. 21, pp. 424-429. 


Magnetic Properties—Testing 


Errors in the Magnetic Testing of Ring Specimens. 
ward Hughes. 
I.E.E. Jour., Oct., 1927; v. 65, pp. 932-943. 


Metals 


Effect of Temperature on the Properties of Metals. 
Mech. Engng., Oct., 1927; v. 49, pp. 1111-1114. 
(Progress report of a Joint Research Committee of 
the A.S.M.E. and the A.S.T.M.) 


Pipes and Piping 
Scheme for the Identification of Piping Systems. 
Mech. Engng., Oct., 1927; v. 49, pp. 1144-1146. 
Power Factor 


Power-Factor Correction. Effective Power and Reactive 
Power. W.H. Feldmann. 
Iron & St. Engr., Sept., 1927; v. 4, pp. 389-395. 
Three-phase Exciters for Improving the Power-Factor 


of Asynchronous Motor-Generators. W. Weiler. 
AEG Progress, Sept., 1927; v. 3, pp. 270-273. 


Protective Apparatus 


Carrier-Current Pilot System of Transmission Line Pro- 
tection. A. S. Fitzgerald. 
A. I. E. E. Jour., Oct., 1927; v. 46, pp. 1015-1021. 
(Describes the equipment and principles involved.) 


in Rail Transportation. 


Ed- 


Radio Communication 


Radio Inter-Communicating System for Railroad Train 
Service. Henry C. Forbes. , 

Inst. Radio Engrs. Proc., Oct., 1927; v. 15, pp. 869-878. 
(An account of tests on an experimental installation.) 


Radio Engineering—Detection | : 
Note on Detection by Grid Condenser and Leak. W. Va 
B. Roberts. ; 
Inst. Radio Engrs. Proc., Sept., 1927; v. 15 pp. 793-796. 


Radio Engineering—Loud Speakers 


Loud-Speaker Diaphragms; Air Pressure and Energy Dis- 
tribution in the Space Surrounding the Diaphragm. 
N. W. McLachlan. 
Wireless Wid., Sept. 21, 1927; v. 21, pp. 357-361. 


Radio Engineering— Measurements and Testing 


Testing of Audio-Frequency Transformer-Coupled Am- 
plifiers. H. Diamond and J. S. Webb. 
Inst. Radio Engrs. Proc., Sept., 1927; v. 15, pp. 767-791. 
(Includes seven bibliographic references, p. 791.) 


Radio Engineering—Reception—Interference 


Correlation of Radio Reception with Solar Activity and 
Terrestrial Magnetism. II. Greenleaf W. Pickard. 

Inst. Radio Engrs. Proc., Sept., 1927; v. 15, pp. 749-766. 
(A continuation of a paper in the issue of Feb., 1927.) 


Radio Atmospheric Disturbances and Solar Activity. 
. W. Austin. 
Inst. Radio Engrs. Proc., Oct., 1927; v. 15, pp. 837-842. 
Two Contrasting Examples Wherein Radio Reception was 
Affected by a Meteorological Condition. E. H. 
Kincaid. 
Inst. Radio Engrs. Proc., Oct., 1927; v. 15, pp. 843-868. 


Relays 


Ground Relay Protection for Transmission Systems. 
B. M. Jones and G. B. Dodds. 
A.I.E.E. Jour., Oct., 1927; v. 46, pp. 1089-1094. 


Short Circuits 


Short Circuit Currents. Raymond C. R. Schulze. 
Elec. Lt. & Pr., Oct., 1927; v. 5, pp. 21-25. 
(Their nature and calculation. Serial.) 


Spark Discharges 
Studies on Sparking in Air. A. Pen-Tung Sah. 
A.I. E. E. Jour., Oct., 1927; v. 46, pp. 1073-1081. 
(Abridgment.) 


Speed Regulation 
How Problems in Variable-speed Operation Have Been 
Solved. 
Ind. Engng., Oct., 1927; v. 85, pp. 466-470. 


'Steam Flow 


Supersaturation and the Flow of Wet Steam. G. A. 
Goodenough. 
Power, Sept. 27, 1927; v. 66, pp. 466-469. 
(Serial.) 


Steam Plants 
Historical References to the Progress in the Use of High- 
Pressure Steam. James Mollison. 
Inst. Engrs. & Shipbuilders’ Trans., Sept., 1927; v. 70, 
pp. 783-803. 


Steam Turbines 
Small Steam Turbines. George A. Orrok. 
Engrs. Soc. of W. Pa. Proc., July, 1927; v. 43, pp. 267-278. 
(A short article summarizing the essential character- 
istics -of different makes of small turbines for aux- 
iliary drives.) 


Steam Turbines, Radial Flow 
10,000-14,000-kw. Ljungström Steam Turbine. 
Engng., Sept. 30, 1927; v. 124, pp. 411-413. 
(Illustrated description of the construction of a tur- 
bine built by Svenska Turbinfabriks Aktiebolaget 


Ljungström, Sweden. Serial.) 
Substations, Automatic 
Automatic Substations. T. W. Ross. 


Met.- Vick. Gaz., Sept., 1927; v. 10, pp. 202-207. 
ve A necessary equipment and its application. 
rial. 


Switches and Switchgear 


Armored Switchgear for Main and Auxiliary Station Buses. 
Elec. Wld., Sept. 17, 1927; v. 90, pp. 549-553. 
(A description with illustrations of equipment in the 
Waukegan plant of the Public Service Co., of 
Northern Illinois.) 


Switchgear for Alternating Current. H. W. Clothier. 
Engng., Oct. 7, 1927; v. 124, pp. 467-470. 
(Abstract of a paper read before the British Assoc.) 


Switches and Switchgear, Automatic 


Automatic Switching Equipments for Converter Plants. 
G. Meiners. 
AEG Progress, Sept., 1927; v. 3, pp. 257-261. 


Telemeters and Telemetry 


Load Indication by the Current Balance Method. Bernard 
Lenehan. 
Power PI. Engng., Sept. 15, 1927; v. 31, pp. 989-991. 
(Describes apparatus for transmitting indications of 
load, voltage, water level, etc., over distances of 
30 miles.) 


Transient Phenomena 


Transients Due to Short Circuits; A Study of Tests 
Made on the Southern California Edison 220-Kv. 
System. R. J. C. Wood and others. 

A. TI. E. E. Jour., Oct., 1927; v. 46, pp. 985-994. 
(Abridgment.) 


Water Power 
Hydro-Electric Resources of the Empire Overseas. 


ox. 
I. E. E. Jour., Oct., 1927; v. 65, pp. 944-956. 
(A summary of the water power resources of a number 
of British colonies, including Canada, Australia, 
New Zealand, and South Africa.) 


W.R. 
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NEW BOOKS 
(These and other Technical Books may be purchased through the Circulation Dept. of the GENERAL ELECTRIC REVIEW) 


is made that the book is a treatise on radio practice; 
in general only the principles involved in the opera- 
tion of radio apparatus have received attention”. 


Berechnung von Drehstrom-Kraftiibertragungen. Oswald 
Burger. 115 pp., 1927, Berlin, Julius Springer. 
(A brief text on the electrical design of polyphase trans- 


mission lines. Since it was written primarily to satisfy 
the needs of the designing and operating engineer, 
it presents the solution of several problems of the 
type which are met with in practice. In connection 
with these problems and their solutions the author 
offers tables of data, graphs and diagrams which should 


Those familiar with the first edition will be interested 
to know that some of the more important additions 
to the present edition are: new data on coils and 
condensers at radio frequencies; new material on 
field strength measurements, reflection and absorption, 
fading, short-wave transmission and voice analysis; 


and discussions of loud-speaking telephones, fre- 
quency control by crystals, distortionless amplifica- 
tion, radio-frequency amplification, balanced circuits, 
push-pull arrangements, etc. A portion of the old 
chapter on spark telegraphy has been omitted and 
the chapter on radio measurements and the one on 
experiments have been deleted. We are promised 
that if the demand warrants it the material of these 
two latter chapters will be published as a separate 
volume. Numerous bibliographic foot-notes and an 
adequate index round out a useful volume.) 


be useful to the designer in solving problems of 
similar nature.) 


Electric Power Equipment. J. G. Tarboux. 455 pp., 1927, 
N. Y., McGraw-Hill Book Co., Inc. 


Electrical Engineering Practice. Ed. 4, rewritten and enl. 
Vol. 2. J. W. Meares and R. E. Neale. 532 pp., 1927; 
N. Y., John Wiley & Sons, Inc. 

(According to the subtitle of this volume it is ʻA Prac- 
tical Treatise for Electrical, Civil, and Mechanical 
Engineers, With Many Tables and Illustrations.” The 
complete work, in this fourth edition, has grown to Rotary Converters; Their Principles, Construction and Oper- 
three volumes. The one at hand, volume two, treats ation. E. P. Hill. 329 pp., 1927, N.Y., D. Van Nostrand Co. 
of transformation, conversion and storage of energy; (“This book deals with the principles and operating 


wiring and control of distribution systems; and light- 
ing, heating, welding and cutting by electrical methods. 
From this it will be evident that we must look to 
volumes one and three for such topics as fundamentals 
of electrical engineering, prime movers and power 
generation, sale of energy, specifications and testing, 
and construction, control and applications of motors. 
We are told that in this book ‘‘an endeavor has been 
made to fill the gap between the many excellent 
pocket-books of bare data and the highly technical 
works written for specialists in various branches of 
electrical engineering.” Although written from the 
British viewpoint, American practice has not been 
overlooked. Bibliographic lists are appended to many 
of the chapters, and an unusually extensive index is 
provided. When the three volumes are all available 
as a unit they should provide a useful set of books for 
the student of electrical engineering and for those 
engaged in the operation of electrical equipment.) 


characteristics of the Rotary Converter, and is writ- 
ten from an operation and commercial standpoint. 
Sufficient material has been incorporated, it is hoped, 
however, to render the subject matter clear to an 
engineering student; but primarily the book will be 
of assistance to engineers responsible for purchasing, 
Operating, or testing rotary converter machinery, 
the actual detail design of rotary converters not be- 
ing dealt with in the present volume.” The subject- 
matter 1s divided into eight chapters as follows: 
‘Fundamental Principles,” ‘‘Constructional Fea- 
tures,” ‘‘Transformers and Auxiliary Apparatus," 
“Methods of Starting Polyphase Rotary Converters 
and Notes on Switch-Gear,”’ ‘Service Conditions of 
Operation and Control,” “ Operation Characteristics,” 
‘‘Specifications and Testing, " and ‘Comparison with 
Other Forms of Conversion Systems.” Numerous 
illustrations of typical machines, and many diagrams 
and graphs are interspersed throughout the text. 
A classified bibliography is appended.) 


New Reformation; From Physical to Spiritual Realities. , 
Michael Pupin. 272 pp., 1927, N.Y., Charles Scribner's Theory of Machines. Louis Toft and A. T. J. Kersey. 408 
Sons. pp., 1927, N. Y., Isaac Pitman & Sons. 
(In the dual rôle of scientist-philosopher, Professor . ; 
Pupin, of Columbia University, takes us away from De Wissenschaftlichen Grundlagen des Rundunkempfangs. 
our more usual contacts with science and engineering K. W. Wagner (Editor). 418 pp., 1927, Berlin, Julius 
to review with him the early beginnings of scientific Springer. 


knowledge, and to study the relations between things (This volume on the scientific fundamentals of broadcast 
scientific and things spiritual. Through the medium 
of a series of seven “narratives” he sketches for us 
the chain of evolutionary events which have gone 
into the building of our present knowledge of scientific 
facts. His aim is to reveal how completely science has 
changed our concept of the universe. He tells us that 
the realities which he describes are those of human 
experience, and that they are not the result of mere ab- 
stract philosophical introspection. In his ‘‘Prologue’’ 
he says: ‘‘These narratives are addressed primarily to 
poon who have not an elaborate scientific training: 

ence they speak in terms of a simple and untechnical 
language. It is hoped that by strengthening our 
understanding of the physical realities the narra- 
tives will reform our mental attitude and make it 
better prepared for the recognition of the truth that 
physical and spiritual realities are the fruit of the same 
tree of knowledge, which was nurtured by the soil 
of human experience.’’) 


Principles of Radio Communication. Ed. 2, rev. John H. 
Morecroft. 1001 pp., 1927, N. Y., John Wiley & Sons, Inc. 


(In the years intervening since the publication of the 
first edition of this book, in 1921, much progress has 
been made in the radio art and much has been written 
on it. As a result the present edition is much more 
thorough and complete than was the first. Even with 
the omission of much that is now out of date, the 
pages now number 1001 as compared with the former 
988. “As in the previous edition, however, no pretense 


reception is not a systematic treatise, but a series of 
separate papers on the subject. These papers are 
contributed by prominent German engineers and 
scientists and are edited by Dr. K. W. Wagner, an 
authority on the subject. The introductory chapter 
is written by the editor, and discusses the cultural 
problems of radio broadcasting, its organization 
and technic. This is followed by a paper by Prof. 
F. Aigner on those oscillations within the range of 
speech and of music, as well as on the causes of dis- 
tortion. The problems of sound propagation and 
acoustics are discussed in the next two chapters, 
one of which is by W. Hahnemann and Dr. H. Hecht 
and the other by Prof. W. Schottky. The physical 
foundations of radio reception are reviewed by Dr. 
H. Salinger, while Dr. R. Rudenberg discusses the 
problems of radiation, propagation and reception of 
radio waves. Dr. A. Esau contributes a chapter on 
radio interference. Next follow several chapters on 
the vacuum tube by Messrs. Rukop, Moller, Bark- 
hausen and Pohlmann. The final three chapters by 
Leithauser, Eppen, and Harbich, are devoted to special 
radio circuits and to radio devices and apparatus. 
The volume can scarcely be classed as a text, for the 
detached papers included do not cover the entire 
field of radio reception. For this same reason, and 
also due to the lack of any index, its usefulness as a 
reference work is somewhat limited. However, for the 
specialist who cares for authoritative presentations of 
the topics covered, it no doubt has its field.) 
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transformers, lightning arresters, and some of the switching equipment. The transformers are rated 16,667 kv-a. 


A STAGE WHERE MOTIONLESS ACTORS PERFORM 
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SPLITTING UP KILOWATTS 


Waterwheel generators of 65,000-kv-a. rating are 
in service; a turbine-generator capable of developing 
100,000 kw. is in operation; single transformers are 
handling 66,667 kv-a. At the time they were installed 
they represented the last word in construction and 
afforded their designers just cause for pride. Also, 
because of their great size, they gained the admira- 
tion of the public; but now that they are no longer new 
they have become more or less forgotten by these 
same people. Soon will come the thrill of greater 
achievements. 

Transmission lines run from most of these sources 
of power, and not long ago we gave attentive ear to 
the reports of successful line operation at 220,000 
volts. Again, the fascination induced by that which 
is of large measure. These transmission lines, with 
others of lower potential, carry great bulks of energy 
hundreds of miles—to where ?—to points appreciably 
short of your home and mine, of your office or factory 
and mine. What happens in this gap? The delivery 
to you and to me of all the enjoyments that even 
small amounts of electricity afford. 

If there appears to be nothing to fascinate us in the 
operation of this local delivery, it is because we 
have not given it adequate consideration. Even though 
a transmission line should be run to our own back yard 
for our exclusive use we could not avail ourselves 
of it as an individual consumer, unless we were 
engaged in some activity comparable in magnitude 
to that of a steel plant. Yet, with no such energy 
supply within miles of us, there is brought to our 
property line enough to satisfy our needs at any 
hour of the day or night; and we can move next 
door, to the next block, or to the outskirts and still 
find the same reliable service available at a cost so 
low that any comparable substitute would be ex- 
pensive. 

There is then something spectacular in this taking 
of one or a few supplies of energy and splitting it up 
in exact accord with the individual demands of 
perhaps several million people, spread over an area 
that is square miles in extent. In magnitude, this 
operation may call for an investment practically 
equal tothat required for generating-station apparatus; 
and, because the electrical losses are naturally greater 
in the distribution system, exceptional skill must 
be exercised in its design. Also, the reliability of service 
to any consumer is as dependent upon the work of 
the distribution engineer as on that of the powcr- 
station engineer. These conditions have brought 


about the development of distributing systems that 
are specially designed for this important service. 

One of these is the Edison three-wire direct-current 
network and the other is the a-c. network. The Edison 
system came into being first, is still extensively used, 
and probably will continue to be used at least in 
districts which have grown up with it. Of late years, 
serious attention has been given to the possibilities 
of a-c. networks; and in the last five years some twenty 
such networks have been placed in service and at the 
present time the installation of half as many more is 
being contemplated. 

In the days when commercial electric service was 
first gaining a foothold in public estimation, many ` 
direct-current engineers claimed that alternating 
current was of no use and alternating-current engi- 
neers claimed that they would make the use of 
direct current obsolete. We are wiser today, and 
acknowledge that both kinds of electricity have 
merits. For this reason we do not predict that a-c. 
networks will displace d-c. networks, but as the latter 
are newcomers in the field it behooves us to study 
their possibilities that we may take full advantage 
of them where available. 

In this issue of the REVIEW is he opening install- 
ment of a serial on the subject. As in practice, con- 
sideration is given first to the “where and why” 
of such networks with respect to load density and 
territory served. When general determinations have 
been made in these particulars, there comes the prob- 
lem of choosing one of the several types of a-c. 
network that combine light and power service. 

The prevention of lamp flicker requires special 
attention because the distribution transformers and 
circuits possess considerable reactance and the in- 
duction motors draw their starting current in one or 
two abrupt steps. 

Then there are the questions of how to effect a 
proper division of load over the interconnected cir- 
cuits and how to maintain such a division while auto- 


matically regulating the voltaye at different points 


to hold constant potential on the lamps nearby. 

Interruptions to service must be prevented, but dis- 
tribution transformers must not be permitted to suffer 
because of overload conditions. A-c. network protec- 
tors furnish the necessary protection if due thought is 
given to their proper application in the system. 

These are several phases of the subject that must 
be thoroughly studied prior to connecting up a-c. 
network. 
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Ground Detection 


General Considerations—Two-wire Low-voltage D-c. and A-c. Circuits—Edison Three-wire 
Systems—Higher Voitage Requirements—Two-phase Three- and Four-wire 
Systems—T hree-phase Three-wire Systems 


By JOHN AUCHINCLOSS 


Switchboard Department, Philadelphia Works, General Electric Company 


N grounded circuits, such 
O as railway feeders with 

grounded negative, Edison 
three-wire systems, and three- 
phase systems with grounded 
neutral, an accidental ground on 
the isolated pole or poles of the 
system usually permits the pas- 
sage of sufficient fault current to 
operate the nearest over-current 
protective device, thereby isolat- 
ing the disturbance from the rest 
of the system. On such circuits 


The ground is a most useful 
foundation both for material struc- 
tures and electrical potentials. In 
one case the physical elevation ts 
secured by structural members; in 
the other, the electrical elevation is 
made possible by insulating mate- 


rials. If the strength of either type 
of support becomes weakened in 
service, a collapse may follow. 
This article describes vartous 
means of detecting faults of this 


Obviously, however, a dead 
ground, say on the negative at 
C, will short out lamp A and 
cause lamp B to glow at full bril- 
liancy. Other values of the ground 
resistance at C will be reflected 
in the relative brilliancy at which 
lamps A and B glow. This is fur- 
ther illustrated by the arrows 
showing the direction of current 
flow in the detector circuit. Upon 
the occurrence of a dead ground 
at C, points C and D are at the 


ground detecting equipment is 
not necessary. On ungrounded 
systems, however, the occurrence 
of one ground does not constitute 
a short circuit, but if the system be permitted to con- 
tinue in operation under this condition a subsequent 
ground of different polarity will cause an interruption 
of service. It is consequently very desirable on such 
systems to have some provision for indicating imme- 
diately the occurrence of the first ground, so that 
means may be taken for its removal as soon as it can 
be located and before the occurrence of a second 
ground which would occasion a short circuit. 

Furthermore, on high-voltage circuits having con- 
siderable electrostatic capacity, the first ground alone, 
especially if an arcing one, may endanger the general 
insulation of the system. On station control circuits 
accidental grounds may give rise to considerable 
trouble by causing electrically-operated devices to 
function under more or less inopportune circum- 
stances. For this reason the battery providing the 
source of supply for the control circuits is usually 
equipped with ground-detecting devices. 

The various types of commercial circuits call for 
different schemes of ground detection and each will 
now be described in connection with the individual 
type of circuit for which it is adapted. 


125-vc le D-c. Two-wire Ungrounded Circuit 

Ground detectors for this type of circuit are usually 
in the form of two ordinary incandescent lamps rated 
for the normal voltage of the control circuit, generally 
125 volts. Connected to the bus as in Fig. 1 these 
lamps will burn at half normal voltage so long as 
neither the positive nor negative pole of the circuit 
has any connection to ground. 


character in eiectric circuits. 


same potential, viz., 125 volts be- 
low the positive line. Since they 
are at the same potential, no 
voltage exists across lamp A and 
consequently no current flows through it. On the 
other hand, since point D is 125 volts below the 
positive line, lamp B will have full line voltage im- 
pressed upon it and will therefore burn at normal 
brilliancy. 
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Fig. 1. A Simple Means of Detecting Grounds on Low-voltage 
Two-wire Circuits by the Use of Incandescent Lamps 


Any resistance at point C, as in the case of a partial 
ground, will introduce a difference of potential be- 
tween points C and D which will be impressed upon 
lamp A. Let this potential be 50 volts. Then the total 


‘voltage across the lamps will be distributed in such 


a way that lamp A will receive 50 volts and iamp B 
72 volts. Lamp B will consequently burn more 
brightly than lamp A. 

While the foregoing method does not give very 
accurate readings of the values of partial grounds, 
it is usually considered sufficient for circuits of this 
kind where high-resistance grounds are relatively 
innocuous. It should be noted that lamps utilized as 
ground detectors afford a continuous indication of 
the condition of the svstem. 
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If a more accurate measurement of the value of 
the ground is desired, a differential voltmeter may be 
substituted for the lamps and connected as shown in 
Fig. 2. This instrument is provided with a zero-center 
scale, of the type shown on the switchboard instru- 
ment in Fig. 3. Obviously, so long as no ground exists, 
the two coils will be in series across the full line volt- 
age and since each will receive one-half of this voltage 
their torques will be balanced and the pointer will 
stand at zero in the center of the scale. On the occur- 
rence of a ground, however, this balance will be dis- 
turbed and the pointer will deflect to one side or the 
other depending upon the polarity and magnitude 
of the ground. Each half of the scale should be grad- 
uated in full line volts, for with a dead ground on the 
negative line the right-hand coil of the instrument 
will have full line voltage impressed upon it. 

In those cases where even closer indications are de- 
sired, a voltmeter may be used as shown in Fig. 4. 
The instrument must be suitable for use on the full 
voltage of the circuit since with a dead ground at C 
and the plug inserted in the right-hand points of the 
receptacle, the full 125 volts will be impressed on the 
coil, just as under the same condition in Fig. 1 the 
full voltage is impressed across lamp B. 

Direct-current voltmeters are usually of the polar- 
ized type and for this reason a definite direction of 
current flow through the coil is essential to give a 
positive deflection of the needle. This direction, in 
the meter shown in Fig. 4, is from left to right. Then, 
with a dead ground at C and the plug inserted in the 
right-hand points of the receptacle, the current flow 
through the instrument is in the correct direction. 
When inserted in the left-hand points there would be 
no deflection, since the voltmeter is then connected 
between points C and D across which there is no 
potential difference. 

On the other hand, were the ground on the positive 
instead of the negative side of the line, the current 
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Fig. 2. A Ground-detector Circuit Wherein a Voltmeter 
is Substituted for Lamps l 


instead of flowing from positive to ground, as in the 
preceding case, would flow from ground to negative. 
For this reason it will be observed that the receptacle 
is so wired that when the plug is inserted in the left- 
hand points to read a ground on the positive line, the 
ground point D connects to the left-hand stud of the 
voltmeter instead of to the right, when reading nega- 
tive ground. In other words, since the ground 


assumes the polarity of the line which is grounded, it 
may be either positive or negative and since the polar- 
ity of the instrument is fixed, it becomes necessary to 
reverse the connections to the voltmeter when read- 
ing positive grounds. This is accomplished, as will be 
noted in the diagram, by the reversed connections 
when the plug is inserted in the left-hand points of 
the receptacle. 


Fig. 3. A Zero-center Scale Instrument of a Type 
Suitable for Ground Indication 


It should be noted that by means of a voltmeter bus 
and additional receptacles the voltmeter may be used 
for reading the line-to-line voltages of other machines 
or circuits when not required for reading grounds. 
Not more than one plug, however, should be in use 
with any one voltmeter, for if more than one were 
used, failure to remove the plug from the ground re- 
ceptacle before placing another in a line-to-line re- 


ceptacle would automatically ground one side or the 


other of the line; or if a ground already existed on one 
side, a ground on the other side arising from misuse 
of plugs would result in short circuit. 

A method of reading line-to-line voltage and posi- 
tive and negative grounds on the same receptacle is 
shown in Fig. 5. Here it will be noted that when the 


od 
125 V. D-c.Source 


Voitmeter Buses 
O——0 
Pi 
fa “9 


Fig. 4. Connections for Using an Ordinary Voltmeter and Plug Switch 
to Provide for Accurate Quantitative Indication of Grounds 


| : 


plug is inserted in the two middle points the meter 
reads the line-to-line voltage, while insertion in the 
left- and right-hand points will read positive and 
negative grounds respectively. 

Another method of reading grounds on such cir- 
cuits, but by means of a special voltmeter, 1s illustrated 
in Fig. 6. In this case the voltmeter is equipped with a 
zero-center scale, thereby eliminating the question of 
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polarity entirely. The needle will simply deflect in 
one direction for positive grounds and in the opposite 
direction for negative grounds, the position of the 
plug in the receptacle determining which is which. 
While simple, this method is at a slight disadvantage 
in that the scale is necessarily short and consequently 
the readings are not so close as those obtainable from 
the standard instrument. This renders the meter 
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Fig. 5. An Extension of the Plug Switch Connection to Include the 
Reading of Line-to-line Voltage with the Ground Indicator 


less suitable for general use as a line-to-line voltmeter. 
Ground-detecting devices are usually connected to 
the main bus and will indicate grounds on any circuit 
having a connection with them. The grounded cireuit 
may be located by opening and closing the various 
feeder switches, fed from the bus, the opening of the 
switch on the faulty circuit causing the ground indi- 
cation to disappear. 


Edison Three-wire (Ungrounded Neutral) Systems 
The simplest method of detecting grounds on an 
Edison system is by means of two lamps and a nor- 
mally-closed push-button switch as shown in Fig. 7. 
The push-button switch is normally in the closed 
position; thus it is possible in a convenient manner to 
temporarily open the circuit. The voltage rating of 
the lamps should correspond to the potential between 
the positive and negative lines, or, if such lamps are 
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Fig. 6. A Connection Diagram for Ground Reading by Use of a 
Special Zero-center Scale Voltmeter and a Plug Switch 


not obtainable, suitable resistors may be used in 
series with standard lamps. 

When no ground exists both lamps will glow at half- 
normal brilliancy in consequence of the magnitude 
of the impressed voltage, but they will also glow in 
the same degree with a ground on the neutral. To 
test for neutral grounds it is therefore necessary to 
push the switch to the open position. If, when in this 
position, the lamp A continues to glow, it indicates 
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that a ground exists somewhere on the neutral. On 
the other hand if lamp A ceases to glow the system is 
free from grounds. Grounds on the positive and nega- 
tive lines are indicated by a difference in the bril- 
liancy of lamps A and B, as already described under 
two-wire ungrounded circuits (Fig 1). The purpose 
of the push-button switch, therefore, is merely to pro- 
vide for the detection of grounds on the neutral wire. 

Several methods are available for obtaining closer 
readings by means of a voltmeter. One of these is 
shown in Fig. 8 and employs an instrument equipped 
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Fig. 7. The Simplest Form of Circuit for Detecting Grounds 
on an Edison Three-wire System 


with a zero-center scale. Suppose a dead ground exists 
on the negative line. If the plug is inserted first in the 
positive receptacle, a deflection will be obtained to the 
right of the zero mark on the scale. This indicates a 
ground, either on the neutral or negative lines. 
Removing the plug and inserting it in the negative 
receptacle, the pointer remains at zero, indicating that 
both studs of the instrument are at the same potential 
and that, therefore, the ground is on the negative line. 
If, however, instead of remaining at zero, the pointer 
swings over to the left of the zero mark an indication 
would be given that the ground is on the neutral line 
and not on the negative. A ground on the positive 
line may be detected in a similar manner, the pointer 
deflection, of course, being in the opposite direction. 
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Fig. 8. The Zero-scale Voltmeter Applied to the Three-wire 
System for the Purpose of Ground Detection 


Another similar method, using a so-called differ- 
ential voltmeter, is shown in Fig. 9. With this arrange- 
ment the two coils of the instrument are normally 
connected in series across the positive and negative 
lines. The instrument therefore indicates positive or 
negative ground, just as do the lamps in Fig. 1. To 
test for ground on the neutral the push-button switch 


‘is opened, when, if a ground exists, a deflection in 


proportion to its value will appear on the scale. 
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Two-wire A-c. Circuits 

On low-voltage (110 volts) single-phase circuits 
the lamp connection already shown in Fig. 1 may be 
used. On higher voltages (220-240), resistors must be 
included to permit the use of standard lamps. It 1s 
advisable on these voltages that the equipment be 
placed beyond the possibility of accidental human 
contact and that a normally-open test switch be 
located in some convenient point in the ground con- 
nection as shown in Fig. 10. On still higher voltages 
(480 and above) an electrostatic ground detector may 
be used. Such an instrument is shown in Fig. 11. 
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Fig. 9. Ground Detection in an Edison System by 
Means of a Differential Voltmeter 


This simply consists of a light aluminum vane at- 
tached to a pointer superposed upon a zero-center 
scale. The vane is influenced by the electrostatic fields 
of the two lines. When these are balanced, the pointer 
attached to the vane remains at zero on the scale 
thereby indicating that no ground exists upon the 
system. If, however, a partial ground should occur 
on one line, its electrostatic field will decrease while 
that of the other line will increase. The vane, there- 
fore, cannot remain in its former position, but must 
take up a steady position in which the forces due to 
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Fig. 10. Diagram Showing the Use of Ordinary Incandescent Lamps 
with Resistors for Ground Detection on Circuits of 220 to 440 Volts 


the unbalanced fields are again balanced upon it. 
The movement to this new position carries the pointer 
over that half of the scale corresponding to the 
grounded line to a point proportional to the voltage 
to ground of the affected line. The instrument, there- 
fore, not only indicates which side of the system is 
grounded, but also gives an approximate indication 
of the value of the ground resistance. The connections 
for the device are shown in Fig. 12. 


Two-phase Systems 

A two-phase four-wire system with no intercon- 
nection between phases is essentially two electrically 
separate single-phase systems and can be treated as 
such so far as detection of grounds is concerned. The 
connections are consequently the same as Figs. 10 
and 12, except that of course two separate equipments 
are required. 


An Electrostatic Ground Detector for 
Use in High-voltage Circuits 


Fig. 11. 


480V. A-C. and above 
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Fig. 12. The Connection Diagram for a Single-phase 


Electrostatic Ground Detector 


Fig. 13. Vector Diagram of Voltages in a Two-phase Three-wire 
Circuit to which Ground Detectors Are Not Applicable 
in the Ordinary Manner 


In a two-phase three-wire circuit the end of one 
phase is electrically connected with the end of the 
other phase as shown by vectors in Fig. 13. Since the 
geometrical center of such a system is at O and not C, 
ground detectors connected across A-C and C-B 
would be unbalanced under normal conditions and 
would consequently indicate grounds when no grounds 
exist,and give false indications also when they do exist. 
It is therefore recommended that on such circuits 
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of potentials of 480 volts and above, three electro- 
static ground detectors be used connected from points 
A, C, and B to ground, as shown in Fig. 14. The stud 
which is not connected to the line is connected to the 
ground stud; and the devices function as electro- 
static voltmeters indicating the voltage of each line 
from ground. From Fig. 13 it is apparent that the 
instrument connected to line C will normally indi- 
cate about half the voltage of those connected to 
lines A and B. 


A 
C 
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Fig. 14. The Connection of Three Electrostatic Ground Detectors for 
Proper Indication of Grounds in Two-phase Three-wire Systems 


Three-phase Three-wire Circuits 

On low-voltage three-phase circuits, two methods 
of detecting grounds by means of lamps are in com- 
mon use. In the zone method two lamps only are used, 
connected as shown in Fig. 15, the switch in the 
ground connection being optional depending upon the 
voltage of the circuit and whether it is desirable tò 
have the system permanently grounded through the 
lamps for the sake of a continuous indication or 
whether a regular test by means of the switch will 
prove satisfactory. 
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Fig. 15. The Zone Method of Ground Indication by the Use of 
Two Incandescent Lamps in Low-voltage Three-phase 
Three-wire Systems 


The operation of this equipment is as follows: With 
the push-button switch closed and the system free of 
grounds both lamps will glow at half voltage. If, for 
example, a ground exists on lines 7 or 3, lamp A will be 
brighter than lamp B or vice versa. Should the ground 
be on line 2, however, the brilliancy of both lamps will 
increase beyond the brilliancy at which they glow 
before the push-button switch is closed. This method 
is not so direct as the three-lamp method shown in 
Fig. 16. 
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Here again the push-button switch is optional. 
When it is closed and the system free of grounds all 
three lamps glow at approximately half-normal bril- 
liancy. A ground on any line is indicated by the de- 
crease in brilliancy of the lamp connected to the 
faulty line, with respect to the brilliancy of those con- 
nected to the other lines on which no ground exists. 
Obviously a ground on more than one line, if of con- 
siderable magnitude, will constitute a short circuit 
and automatically disconnect the circuit by means of 
its over-current protective device. 
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Fig. 16. Diagram of a Direct Method of Ground Indication 
in Three-phase Three-wire Systems 


When more accurate readings are required, a simple 
method of reading not only the voltage of each phase 
to ground but also the voltage across the three phases 
is shown in Fig. 17. For reasons previously stated one 
plug only should be furnished with each equipment. 
This method may be extended to read the three-phase 
voltages on several machines or circuits by means of 
an eight-point receptacle on each in addition to one 
six-point and one four-point receptacle for reading 
grounds at the bus. In this case a voltmeter bus ex- 
tending across the various circuits would be required. 
The voltmeter could be conveniently mounted on a 
bracket at the end of the switchboard. 

On higher voltages (480 volts and above) the three- 
phase electrostatic instrument is usually emploved. 
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Fig. 17. A Voltmeter and Plug Switch Connection Providing Readings 


of Phase Voltage as Well as the Voltage to Ground 


This device contains three vanes and three scales 
with three pointers superposed upon them. When a 
ground occurs on one of the three lines the two point- 
ers adjacent to the segment connected to the grounded 
line are deflected toward that segment. The connec- 
tions for this device are shown in Fig. 18. High re- 
sistances, usually carbon rods, are connected between 
each pole of the detector and the high-tension lines. 
As these are frequently mounted internally they are 
not shown upon the diagrams. 
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On extremely high voltages, for which electrostatic 
detectors are not available, grounds may be detected 
by means of three potential transformers connected 
in Y-Y as shown in Fig. 19. The transformers should 
be rated for the full line-to-line voltage, even though 
ordinarily they operate at only 57 per cent of this 
voltage, for the occurrence of a dead ground on any 
one line will shift the neutral point to that line, 
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Fig. 18. A Three-element Electrostatic Instrument Connected in 
this Manner Gives Direct Indication of a Ground Occurring 
in Any One of the Three Phases 
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Fig. 19. A Diagram of Three Potential Transformers as Used for 
Ground Indication on Circuits of Very High Voltages if 
Proper Care is Used in the Selection of Ratings 


thereby impressing the full line-to-line voltage on the 
remaining two. For example, a dead ground on line 
2, shown in Fig. 20, will short out transformer B but 
at the same time will cause the neutral to shift to 
line 2, thus placing transformers A and C (Fig. 19) 
across lines 1-2 and 3-2 respectively. Under this con- 
dition lamp B will become dark while lamps A and C 


will glow at full brilliancy. Under normal conditions 
all three lamps will glow at 57 per cent of their rated 
voltage (110 volts). 

A more accurate reading may be obtained by sub- 
stituting for the lamps a so-called triplex voltmeter 
having the three scales arranged in three parallel rows 
one above the other as shown: in Fig. 21. With this 
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Fig. 20. Vector Diagram Showing the Electrical Effect of a 
Ground Upon the System of Transformers in Fig. 19. 


Fig. 21. This Triplex Voltmeter Gives Direct Indication of Grounds 
in Three-phase Circuits, and Differences in Voltages in Any of the 
Phases May be Readily Detected 


scale arrangement any difference in the three voltages 
may be very readily detected. Normally the three 
pointers will stand in a vertical row. In the event of a 
ground occurring on one phase, the pointer of the 
voltmeter element connected to that phase will show 
a decreased reading while the other two will deflect 
in the opposite direction. 


Modern Fisherman Uses Volts 


The most modern method of fishing, based on 
economic, utilitarian, and humanitarian grounds, is 
by electricity. In Germany, experiments have recently 
been conducted on a small scale in one of the 
trout streams running into the Rhine. The process 
consists of electrifying the water in a given stretch 
so that all the fish are stunned and rise to the surface. 
Thev are then collected and sorted. Pike and other 


enemies to the more edible and more profitable fish 
are dispatched, undersized fish are set aside and 
later returned to the water. The marketable fish 
are retained. Those of the catch that are judged 
eligible for a further lease on life, being only tempo- 
rarily stunned, appear not to have been harmed 
by their experience, when again in their native 
element. 
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Low-voltage A-c. Networks 


PART I 
APPLICATION 


By D. K. BLAKE 


Central Station Engineering Dept., General Electric Company 


HEN studying the sup- 

W ply of electrical energy 
to large American cities 

it is usually convenient to dis- 
tinguish three typical areas hav- 
ing diverse load characteristics. 
These areas may be classed as 
residential, industrial, and com- 
mercial. The residential and in- 
dustrial areas are supplied with 
alternating current. The commer- 
cial area or downtown business 
section is usually supplied by 
the well-known Edison three- 
wire direct-current system. This 


The Edison three-wire d-c. 
system of distribution has estab- 
lished an excellent record of 


performance, but modern condi- 
trons of energy supply in metro- 
politan districts have reached a 
point where serious thought is 


being given to the service posst- 
bilities of low-voltage a-c. net- 
works. The introductory consid- 
erations are outlined below, the 
specific problems encountered in 
the design of a-c. networks will 
be treated in later installments of 


believe the less expensive and 
more efficient a-c. system should 
be used for the new commercial 
areas mentioned as the third 
factor. The difference in the order 
of continuous service is not con- 
sidered sufficient to warrant the 
additional cost of the Edison sys- 
tem with the storage-battery re- 
serve for these areas. 

There is a diversity of opinion 
as to the use of the a-c. system 
for (1) increase of load in the 
commercial area and (2) increase 
in extent of the commercial area. 


area demands the highest order 
of electric service obtainable; 
and the Edison system with 
large standby storage batteries has successfully 
rendered throughout the years the high order of 
service required. 

The Edison system has appreciable losses and 
requires a considerable investment in feeder copper, 
substation equipment, and real estate. Many engi- 
neers have for a long time desired to supply this 
commercial load with alternating current as this 
does not require converting machinery and can be 
distributed at high voltage thereby reducing the 
number of substations in the area of congestion and 
avoiding the purchase of high-cost real estate. It has 
been recognized, however, that alternating current 
cannot provide such reserve capacity as the storage 
battery and consequently cannot render the same 
high order of continuous service. 

Within the past ten years several factors have 
caused engineers to further study the application of 
alternating current to these commercial areas. These 
factors are: (1) increase of load in the commercial 
area, (2) increase in extent of the commercial area, 
(3) new commercial areas in outlying sections of 
very large cities, and (4) greatly increased reliability 
of supply to a-c. substations due to interconnection of 
two or more generating stations. The first factor 
has greatly increased the difficulty of obtaining suit- 
able locations for additional Edison substations. The 
first two factors have greatly increased the expense 
of storage-battery capacity, while the fourth has 
reduced the value of such reserve capacity. The 
fourth factor is the reason why virtually all engineers 
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Some companies do not permit 
the present area supplied by the 
Edison system to increase but 
reinforce the Edison system for the increasing load 
in its present area and use alternating current to 
supply the increasing extent. of the commercial area. 
Other companies restrict the growth of the Edison 
system in kilowatt capacity and supply all new load 
in the present area as well as the extending area 
with alternating current. This involves a certain 
amount of changeover of existing d-c. service to a-c. 
service to prevent the load on the Edison system 
increasing beyond the capacity of the equipment. 
Still other companies, particularly in the smaller 
cities, intend to eventually replace all of the Edison 
system with alternating-current service. This of 
course involves the changeover of d-c. supply to 
a-c. in order to remove Edison equipment from service 
as it becomes obsolete. 7 

The extent to which alternating current is supplied 
to the commercial area, and the Edison system is 
curtailed, depends to an appreciable extent on the 
emphasis placed on the decreasing value of the 
storage battery as a reserve supply. The more reliable 
the a-c. supply to substations the less is the value of 
a storage-battery reserve. There are some prominent 
engineers who believe the difference in reliability 
between the a-c. system and the Edison system with 
the storage battery is still sufficient to warrant a 
larger investment in the latter. In other words, it 
will cost more to give equal reliability with the a-c. 
system than with the Edison system and storage- 
battery reserve. However, investigations tend to 
indicate that an a-c. system can be devised to give 
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at a lower cost as reliable service as the Edison sys- 
tem without the storage-battery reserve. 

There are factors of importance other than relia- 
bility and comparative cost which have to be weighed 
carefully when considering the introduction of an 
a-c. system into an existing commercial area sup- 
plied from an Edison system. These are such things 


Fig. 1. Diagram of Various Combinations of Preferred and 
Emergency Feeder Arrangements for A-c. Distribution 


Fig. 2. Loop-feeder Arrangement of A-c. Distribution jto 
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Fig. 3. Section of a Typical Radial A-c. Distribution System 
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Fig. 4. Connection of the Radial Circuit in Fig. 3 into an 
A-c. Network to which is Added a 13,200-volt 
Distribution Feeder 


as the investment in present equipment, the cost of 
changing consumers’ equipment, and in designing a 
combined light and power a-c. secondary system. 
There are numerous problems such as voltage stand- 
ards, lamp flicker, metering, and protection. Some 
engineers believe, after considering these factors, 


that it is more practical and economical to continue 
with the Edison system. 

It is well to mention in this connection some of 
L. L. Elden’s remarks on the subject of relative costs 
of distribution systems: 


“Many of those present will be interested to 
note the many elements which it has been necessary 
to consider where attempts have been made to 
compare the costs of distribution systems. Cost 
of land for substation locations varies widely in 
different cities; $100,000 not being an unusual price 
in one locality, while equivalent facilities may be 
secured elsewhere for $3000. 

“Cost of buildings varies widely, both as to 
type, period of construction, and local conditions 
governing construction methods. 

‘Substation equipment varies widely as to design 
and efficiency, both of these factors materially 
affecting costs. 

‘Certain systems omit regulating equipment, 
being satisfied to limit regulation to, say, five per 
cent, while other important companies take steps 
to limit voltage variations to two per cent. 

“Reserve capacity in transmission lines is nil 
in some instances, and in other cases insurance is 
provided reaching 100 per cent where the desire 
for service of the highest quality is paramount. 

“For low-tension service, practice varies from 
where it provides no facilities to meet emergencies 
as compared with others where large sums are 
expended in this direction. 

‘‘Cost of capital, taxes, and labor and material 
for maintenance varies widely throughout the 
country owing to local conditions. 

“The degree of maintenance authorized by a 
company is a substantial factor in system costs. 

‘““Cost of energy from which to compute losses 
varies 100 per cent or more according to the source 
and locality where power costs are incurred. 

‘“‘Storage-battery reserves in connection with 
d-c. systems are an important element in compari- 
sons of this character. 

“It will, therefore, be seen that comparisons 
of costs of d-c. and a-c. systems are of no value 
unless reduced to a comparable basis. It is easily 
possible to compare two d-c. systems and show 
that one is better than the other although both 
are of identical characteristics as to equipment and 
output. | 

“One system with a higher load-factor may 
be highly efficient and may be favored with low- 
cost energy as well as lower labor and maintenance 
costs, and thus show more favorable results than 
another less favorably situated. 

“The same applies to a-c. systems, and in fact 
it may be shown that a favorably situated d-c. 


(})From the Proceedings of the ba sad Annual Convention of the 
New England Division of the National Electric Light Association, 1926. 
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system may even outclass well-designed a-c. sys- 
tems operating under favorable conditions. ”’ 


* $ * 


“In dealing with present and prospective costs 
it should be noted that the figures which are 
quoted from time to time, purporting to represent 
the savings which can be effected in the future, 
if a definite system is installed, are merely the 
figures on paper which are never proved. Advances 
in the art over a period of years generally modify 
plans for expansion with attending variations and 
changes in costs from those which were originally 
developed. 

“In considering the projects outlined at this 
meeting, it may well be that any and all of them 
should be used in future developments of various 
systems, but it may fairly be suggested that each 
and every location should be studied on its merits 
to determine what system of distribution is best 
suited to each case, regardless of whether it is 
best to utilize networks or some other form of 
distribution. ” 


Where it is decided to use alternating current in 
the commercial area, some form of duplicate supply 
or a-c. secondary network system must be used. The 
duplicate supply system consists of some form of 
preferred and emergency feeder arrangement or the 
well-known loop-feeder arrangement for important 
and large consumers. Fig. 1 illustrates various types 
of the former and Fig. 2 the latter. 

The low-voltage a-c. network has been applied to 
the commercial areas in about fifteen cities during 
the past three years. It is believed by the companies’ 
engineers that some form of secondary network is 
necessary to approach the continuity of service given 
by the Edison system. It is also believed that the 
secondary network can give, at a better economy, a 
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reliability equal to the Edison system without a 
storage-battery reserve. 

Some cities that receive their supply from distant 
hydro-electric stations over high-voltage transmission 
lines are subject to occasional interruptions of service 
due to transmission-line faults. In such cases it seems 
inadvisable to discontinue the use of the Edison 
system with storage-battery reserve. The portion of 
the commercial area which is supplied from the a-c. 
system may not benefit from a low-voltage network 
because the interruptions of service due to distribu- 
tion-system faults are a very small percentage of 
those due to transmission-system faults. A trans- 
mission-line fault affects all or a large part of the city 
while a distribution-circuit fault affects only the 
consumers connected to it. Some form of preferred 
and emergency feeder arrangement may be suf- 
ficient until the transmission system reliability is 
increased. 

Sometimes the low-voltage a-c. network may be 
utilized to give not only a more reliable service but 
with a better economy than continuing with the 
present radial system. Such a case is illustrated in 
Figs. 3 and 4. The usual radial distribution method 
(Fig. 3) is utilized until the load density increases to 
such a point as to justify forming a low-voltage 
network from the existing secondary mains, trans- 
formers, and feeders, and supplying the increase 
in capacity required direct from the 13,200-volt or 
26,400-volt system without the necessity of building 
additional transformer substations as shown in Fig. 4. 
As the distribution transformer size and spacing 
increases with an increase in load density, it becomes 
more favorable to form a network and to utilize eco- 
nomically the higher-voltage transformer. These 
cases are more likely to occur in those areas which 
contain a large number of apartment houses and 
apartment hotels. 


(To be continued) 


Turbines Survive Tornado 


Eight Hours After a Tornado Had Literally Brought Down the House at the Venice (Ill.) Plant of the Union Electric Light and Power 
Company, One of the Station's, Smaller Units Had Been Put Back Into Operation 
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Daylight Recording by Means of the 


HE variations in the in- 
T tensity of daylight are of 
interest and importance 
to every one; perhaps especially 
so to the illuminating engineer, 
the power company, the meteor- 
ologist, and the farmer. A conven- 
ient method of observing and 
recording these variations auto- 
matically has been made possible 
by the development of large, sen- 
sitive, photo-electric cells. 
The photo-electric cell is that 
member of the vacuum-tube 


By DR. L. R. KOLLER 


Research Laboratory, General Electric Company 


The recording of daylight inten- 
sity 1s another one of the applica- 
tions of the versatile photo-elec- 
tric cell. This device, coupled to 
suitable automatic recording de- 
vices in an altogether simple ar- 


rangement, provides a means that 
has fascinating possibilities for 
investigating daylight conditions. 
Limitations of the usual photo- 
meter in this service are pointed 
out by Mr. Frank Benford in his 
article on page 87.—EDITOR 


Photo-electric Cell 


photo-electric cellcurrent through 
a small electrolytic cell and collect 
in a graduated tube the hydrogen 
which is generated. This method 
integrates the light, the total quan- 
tity of hydrogen collected being 
a measure of the total quantity 
of light which has fallen upon the 
cell over a given period of time. 
If this current is passed through a 
recording meter, the variations in 
thedaylight intensity are recorded 
automatically and accurately in 
permanent formon astripof paper. 


family which has the property of 
allowing a current to flow through 
it when light falls upon it, the current being very 
nearly proportional to the intensity of the light. As 
the light varies in intensity, the current through the 
cell varies accordingly and so can be used as a measure 
of the light. One method of doing this is to pass the 


Fig 1. Photo-electric Cell and Current-recording Device which Was 
Used to Produce the Daylight-intensity Records Illustrated 
in This Article 


Fig. 1 shows the apparatus used 
for this purpose in the laboratory, 
consisting simply of a large caesium photo-electric cell, 
a radio “B” battery, and a standard form of record- 
ing meter having a full-scale deflection of one-half a 
milliampere. The simplicity of this apparatus, which 
operates without the use of any amplifiers, is now made 
possible by the availability of high-sensitivity cells 
which give large currents for small light intensities. 

The electrical connections are shown in Fig. 2. The 
negative terminal of the photo-electric cell is con- 
nected in series with a recording meter to the negative 
sideof the ‘‘B’’ battery; the positiveside is connected to 


225 Volts 


Fig. 2. Elementary Wiring Diagram of the Photo-electric 
Cell Photometer 


the other cell terminal. Thus the current which passes 
through the photo-electric cell also passes through the 
meter. The variations in this current are recorded on 
the movingstripof paperand are faithful reproductions 
of the variations in light intensity in that location. 
Typical records are shown in Figs. 3, 4, 5, and 6. 
The cell was set up indoors facing an east window, 
but in such a position that direct sunlight never 
reached it. The portion of the records shown in these 
illustrations covers a period of a little more than six 
hours, the time being indicated by vertical lines at 
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0.6 Milli-amp 
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8:00 AM. 


Fig 3. Record Made on a Day During which a Uniform Light Haze Prevailed. The vertical displacements are in terms of the milliamperes 
passed by the photo-electric cell. These currents are very closely proportional to the intensity of light falling on the cell 
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Fig. 5. Record Made on a Day in which a Thunderstorm Took Place in the Late Morning and 
Was Followed by the Return of a Dense Cloud About 2 p.m. 
O.6M il l -amp 
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Fig. 6 A Comparison of a Day in July with a Day in December as Shown by the Photo-electric Cel! Daylight Recorder 
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20-min. intervals. All four records indicate a general Fig. 4, on the other hand, was for a day of small 
decrease in light brilliancy from morning to afternoon light clouds and shows clearly the fluctuations due 
which is to be expected in the case of an eastern ex- to the passage of those clouds across the sun. Fig. 5 
posure. Aside from this same general trend, the shows the interesting phenomenon of a thunder- 
curves show a number of interesting differences. shower which is indicated by the rather sudden dark- 
Fig. 3 is a record made on a day of uniform light haze ening of the sky followed by clearing after the storm, 
when there were few minor fluctuations and is, in and then another shorter period of darkness due to 
consequence, comparatively smooth. the passage of a large thunderhead. 
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Daylight Measurement by Means of the 
Visual Photometer 


By FRANK BENFORD 


Physicist, Iliuminating Engineering Laboratory, General Electric Company 


RECENT investigation, to 
A gain information about the 

present daylight conditions 
in a seven-story factory building, 
and to get data that could be 
used to compute the effect of 
another building that it is pro- 
posed to erect beside the present 
one, made very apparent some 
of the more trying limitations of 
the customary visual photometer. 
The nature of the photometric 
problem called for data from 


which all effects due to variations in daylight had 
been eliminated, and a study of the data of the 
tests suggests that the visual photometer (combined 
with the usual generous ‘“‘equation”’ of the operator) 
is not wholly adequate for such requirements. 55 


Pig. 1. Vertical Section, Between Towers B and C, of a Factory 
Building, the Daylight Conditions of which Were Investigated 
Along Its Length by a Visual Photometer Transferred from Station 
to Station (represented by small circles in this section) 3 


The building under investigation is 600 ft. long, 
80 ft..wide, and has seven floors. Even if the photo- 
metrist could go to all stations without interruption, 


Where the source of illumina- 
tion is under control, the ordinary 
or visual photometer is a thor- 
oughly practical device for meas- 
uring the intensity of the light. 


The investigation of daylight, 


however, introduces difficulties 
that lead the author to make favor- 
able reference to the possibilities 


_ of -the photo-electric cell photo- 


meter, p. 85.— EDITOR 
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Figs. 2and 3. Fig. 2 is the plotted 
data from readings made at three- 
minute intervals on a stationary 
photometer located on the fifth 
floor. A record of time was kept 
along with the photometric read- 
ings, and the same procedure was 
followed by the photometrist 
making the floor traverses, the 
plan being to correct the floor 
readings for daylight variations 
as measured at the stationary 
photometer. 


An examination of the curves suggests that a 
variation of one minute between the recorded and 
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Fig. 2. Curves Plotted from Data Taken at Three-minute Intervals, 
by the Visual Photometer Method, at a Station on the Centerline 
of the Fifth Floor of the Building Shown in Fig. 1 and Midway 
Between Towers B and C 
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photometer and reading it, over two hours would 
be required to make a traverse of all floors. During 
this period, daylight may readily change by a factor 
of two or three—as is illustrated by the curves in 


Fig. 3. The Full-line Curve is Reproduced from a Photo-electric 
Cell Record of Daylight Intensity. The original record consisted of 
a series of dots automatically made at 15-sec. intervals, therefore 
practically continuous. The circle points were afterward located at 
three-minute interval spacing and the smooth dotted curve drawn 
through them for comparison 
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the actual time of reading might make a difference of 
five to ten per cent in the recorded value. The same 
also applies to the record of the traveling photometer, 
and in using one record to correct the other the 
probable errors are of too great a size to permit of 
fair photometric accuracy. 

The solid curve in Fig. 3 1s a daylight record 
taken at another time in another city, and it is here 
included to illustrate how the use of a recording pho- 
tometer of the photo-electric cell type eliminates the 
errors of visual photometry. The instrument made a 
record of the illumination every fifteen seconds, 
or twelve times as frequently as has been found 
practicable for a photometric exploration that takes 
nearly three hours. These points on the original 
` record sheet form practically a continuous line and 
are therefore to be regarded as a faithful continuous 
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record of daylight intensities. The circles were 
“spotted? on the curve at three-minute intervals 
to represent instantaneous readings taken by a 
visual photometer at the same time spacing as used 
in the photometric test. 

The broken curve, drawn through the three- 
minute points. is notably smoother than the fifteen- 
second record; and there are at least eleven points 
that might be read ten per cent in error due to a one- 
minute error in recording the time of actual balance. 

The experience gained in these tests makes it 
evident that a photo-electric photometer, and partic- 
ularly a portable one, would be a valuable instru- 
ment for daylight measurements; and some recent 
developments in the photo-electric cell and its 
auxiliary parts lead to the hope that this instru- 
ment will appear in practice in the near future. 


Edison’s Voice and Photograph Recorded by the Kinegraphone 


incandescent lamp by Thomas A. Edison, in 
1879, the ceremonies took a unique form, in 
that for the first time the inventor’s voice was broad- 
cast over radio. This was accomplished through a 
network of forty-three stations of the National Broad- 
casting Company. Among these were the two General 


O: the latest anniversary of the invention of the 


The film is of standard size. Along the left margin, 
in a space about one-eighth of an inch wide, the voice 
is recorded as a small saw-toothed line. When the 
record is being reproduced, a beam of light passing 
through this margin becomes a broken ray and falls 
upon a photo-electric cell, which translates the 
light into electrical impulses that are changed into 


John W. Lieb, E. W. Rice, Jr., George F. Morrison, and Gerard Swope with Mr. Edison 
in the Library of His Laboratory on Edison Night 


Electric short-wave stations at Schenectady, 2X AF 
and 2XAD, by means of which the program was heard 
on several continents. 

In addition to the broadcasting of he voice of Mr. 
Edison, motion-picture and voice records were made 
simultaneously; the former at his laboratory in West 
Orange (N. J.), and the latter in the laboratory at 
Schenectady, nearly two hundred miles away. Later, 
the two films were combined into a “talking movie” 
or Kinegraphone film. 


sound again by a radio receiver and loud speaker. 
The projector used in showing such a film is of the 
standard theatre type with the addition of the device 
for reproducing the sound. 

The record of Edison Night was made saabi 
through the maintenance of synchronism between the 
power supply at Schenectady and at West Orange. 
How this was accomplished is described in the 
article by Mr. Lawson which appears on page 89 of 
this issue. 
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Holding Two Isolated Power Systems 
at the Same Frequency 


An Undertaking That Contributed to the Successful Recording of a Talking-Motion Picture of 
Mr. Edison and Others—Joint Operation of the Two Systems and the 
Telephone Company Involved 


By JAMES T. LAWSON 
Assistant to General Superintendent of Generation, 
Public Service Electric & Gas Company of New Jersey 


Orange (N. J.), a celebration was held on Octo- 

ber 21, 1927, to commemorate the 48th anni- 
versary of the birth of the incandescent lamp; and 
this meeting was broadcast over a great chain of radio 
stations throughout the United States and Canada. 

One of the unusual features of the evening was the 
making of records from which a “talking-motion 
picture” of the event could later be produced. In 
connection with the making of these records was a 
detail of noteworthy interest to power system oper- 
ators. This was the part played by the Adirondack 
Power & Light Company of New York, and the Pub- 
lic Service Electric & Gas Company of New Jersey. 
The two companies had been requested to hold their 
system frequencies exactly at 60 cycles from 10 to 
1l p.m. on that evening to enable the synchronous 
taking of motion pictures of the meeting at West 
Orange (N. J.) and the recording of the speeches, 
music, etc., on a film at Schenectady (N. Y.); the 
motion-picture film and the voice-record film of the 
broadcasting to be combined later to make the 
“talking-motion picture.” 

The apparatus for taking the motion picture at 
West Orange was to be driven by synchronous motors 
from service supplied by the local Public Service Elec- 
tric & Gas Company of New Jersey, and that for 
recording the speeches, etc., at Schenectady was to be 
driven by synchronous motors from service supplied 
by the Adirondack Power & Light Company. To 
make the undertaking a success it was necessary that 
the motors run at exactly the same speed. The engi- 
neers of the local company promised to aid in every 
way possible to make the endeavor a success but were 
initially at a loss as to how their system and the dis- 
tant one, which were not interconnected, could be oper- 
ated without some slight frequency variation, even 
with every precaution to keep each system individu- 
ally at exactly 60 cycles and with no knowledge of what 
Variat‘on might occur in the other company’s system. 

From 10 to 11 p.m. there is usually a reduction in 
load on the Public Service system, which would also 
tend to vary the frequency. While no great amount 
of frequency variation is experienced at any time, 
operation without any variation at all had been 
requested. As the two systems are not interconnected, 
the local power engineers thought it would be a great 


È the laboratory of Thomas A. Edison at West 


help in keeping the systems at the same frequency if 
it were possible to have two frequency meters, one 
connected to each system, placed side by side, so that 
their joint readings might serve as a guide to the 
operation of the systems of the two companies. 

A consequent study of the two companies’ trans- 
mission lines by the Public Service engineers showed 
that the Adirondack Power & Light Company was 
interconnected through the Central Hudson Company 
of New York to the New Jersey Power & Light Com- 
pany, which in turn was connected with the Jersey 
Central Power & Light Company. The Jersey Central 
Power & Light Company feeds the territory in 
New Jersey west of and adjacent to that served by the 
Public Service Electric & Gas Company. It was also 
learned that these interconnections were operated 
in multiple so that the frequency of the Adirondack 
system was the same as that of the Jersey Central 
Power & Light Company. This information was 
obtained and confirmed at about 3 p.m., October 21st, 
the meeting in West Orange being set for 10 p.m. the 
same night. 

Several schemes to make use of this knowledge were 
conceived, one of them being to find two residences 
which were close enough together to permit setting 
up frequency meters connected to the two systems. 
The thought then occurred to the Public Service engi- 
neers that if it were possible for the Telephone Com- 
pany to select a telephone pair from its Millburn 
(N. J.) Exchange, which is served by the Jersey Cen- 
tral Power & Light Company, this pair could be 
connected to a lamp socket at Millburn and the Adi- 
rondack frequency brought in over it to the load dis- 
patcher’s office of the Public Service Electric & Gas 
Company in Newark (N. J.) which is approximately 
12 miles from Millburn. This plan was taken up 
immediately with the Chief Engineer of the New Jer- 
sey Bell Telephone Company, who, when the situation 
had been explained to him, replied that if it were at 
all possible he would take care of assigning a telephone 
pair and connecting it to a lamp socket in the Mill- 
burn Exchange at once. The Telephone Company 
immediately set to work and by 4 p.m. the telephone 
connection was made available. 

Two synchronous timers were set up, one connected 
to the Jersey Central Power & Light Company— 
Adirondack Power & Light Company through the 
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Millburn connection as described and one connected 
to the Public Service Electric & Gas Company. Each 
of the synchronous timers had two indicating point- 
ers, one of which traveled around the dial at one- 
second intervals and the other at twelve-second inter- 
vals; the twelve-second pointer giving an audible 
click as it passed the twelve-second mark. By setting 
the hands together and listening for the click of the 
two instruments and by watching the hand movement, 
it was possible to see and to adjust the frequency of 
the two systems. The ob- 
ject was to keep the two 
system frequencies exactly 
alike. 

After aninterval of obser- 
vationit wasevidentthatan 
indication of the frequency 
of the two systems had been 
made available, and the 
telephone connection was 
temporarily discontinued. 
There remained yet to ar- 
range for the joint opera- 
tion of the two systems. 
For this purpose, telephone 
communication was estab- 
lished by way of Dover 
(N. J.) to Reading (Pa.), 
where the system operator 
of the New Jersey Power & 
Light Company and other 
interconnected companies 
is located. This Reading 
operator was in control of 
the frequency of the Adi- 
rondack Power & Light 
Company at Schenectady. 
At 9:40 p.m. the frequency- 
indicating telephone pair 
was again connected be- 
tween the Millburn Ex- 
change and the office of 
the load dispatcher of the 
Public Service Electric 
& Gas Company in Newark and the two synchronous 
timers were used to bring the two systems together at 
exactly 60 cycles for the prearranged hour of 10 p.m. 

The frequency indications over the telephone pair 
were maintained for the entire period from 9:40 to 
11:15 p.m., the load dispatchers of the two systems 
holding the frequencies together as closely as possible 
during this time. | 

The readings of the speed variations were tabulated. 
These indicate that the precision in observing the 
gain of one system over the other was probably two 
cycles where the deviation was small, and about three 
cycles for the larger deviations. The maximum gain 
that took place during the entire period was 17 cycles; 
but for a great portion of the time the two systems 
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were held exactly together without any variation. 
The greatest difficulty in -holding them together 
occurred from 10:55 to 11 p.m., when apparently load 
was dropping off both systems very rapidly. This 
made it extremely difficult to hold the frequencies 
together without the fraction of a cycle variation as 
requested. 

The General Electric Company’s engineers say the 
undertaking was a success and they have combined 
the picture and voice film records. The contribution 
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Fig. 1. Map Showing the Shortest Run of the Transmission and Telephone Lines 
Used in Securing the Frequency Indications 


of the Adirondack Power & Light Company and the 
Public Service Electric & Gas Company was made 
possible largely through the aid of the New Jersev 
Bell Telephone Company in making the rapid con- 
nection and allowing use of its telephone wires for 
frequency-indicating purposes. Without these wires 
and the two system indicators, a wider range of 
variation would have undoubtedly occurred. 

Quite apart from the success of the General Elec- 
tric Company in combining the voice records with the 
motion-picture records, the success attained in the 
attempt to hold two large generating systems at ex- 
actly the same frequency without their being con- 
nected is considered of sufficient importance to bring 
it to the attention of operating men at large. 
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The Cahokia Substation 


Service Performed by New Substation—Illumination of Structure—Connection of Power Lines at 
Substation—Layout of Present and Future Circuits—Substation Equipment 


By STANLEY STOKES 


Power Supervisor, Union Electric Light and Power Company, St. Louis, Mo. 


substation was put into operation recently by 

the Union Electric Light and Power Company 
of Illinois. The construction of this substation was 
made necessary after entering into a contract with 
the Illinois Power and Light Corporation to furnish 
a supply of power for most of the latter’s Southern 
Illinois requirements. Part of this load was to be sup- 
plied at Venice (Ill.), five miles north of the Cahokia 
Plant, and the Belleville (Ill.) load was to be supplied 


N NEW 66-kv. substation known as the Cahokia 
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Fig. 1. 


at Cahokia over a new two-circuit line. Moreover, 
it was very desirable to have a sizeable connection 
between the newly acquired Venice Plant and the 
Cahokia Plant. This puts the Venice Plant on a re- 
serve basis and at the same time gives the Illinois 
Power and Light Corporation more flexibility of supply. 

The Alton load of the East St. Louis Light and 
Power Company is also being supplied out of the 
Venice station over a new two-circuit line. Previous 
to the acquisition of the Venice Plant, the Alton load 
had been supplied from Cahokia by way of East St. 
Louis (Ill.); but the increasing demand for the 60- 
cycle service for the industrial district in the Alton 
territory made it imperative to supply additional 
capacity. This fitted in very well with the Cahokia- 
Venice tie, since Alton also is located on the Missis- 
sippi River, seventeen miles north of Venice. With all 
of these requirements in mind, it was decided to build 
the 66-kv. substation with an installed capacity of 100,- 
000 kv-a., and an ultimate capacity of 150,000 kv-a. 


Flood Lighting 

The night view of the Cahokia substation, shown 
in the frontispiece of this issue, indicates the effects 
which may be created by adequate and well-directed 
floodlighting. On account of the fact that this sub- 
station is of such great importance to the various com- 
panies served, in respect to flexibility and continuity 
of service, it was necessary to supply such a degree of 
illumination that any switching to be done would not 
be hindered by poor lighting. 
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Schematic One-line Diagram of Connections of the Cahokia Substation 


Nineteen floodlighting units are arranged on the 
structure in such a way that the beams are con- 
centrated on the switching equipment. The spread 
of the light, however, overlaps sufficiently to produce 
a uniform intensity of illumination throughout the 
entire substation, eliminating to a surprising degree 
any disagreeable shadows from the larger equipment. 
Eleven of the units are equipped with 500-watt lamps 
and eight with 200-watt lamps. The larger ones are 
placed along the top of the structure and fence and 
the smaller units are located at other advantageous 
points. Some of the units can be seen readilv in the 
frontispiece; others were blocked out or shaded while 
making the photographic exposure. 


Outgoing Lines 

At present there are four outgoing 66-kv. circuits, 
leaving the structure from the north on two steel 
tower lines. The circuits in all cases are dead-ended 
on the structure; and the last tower on each line is an 
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angle tower. One line connects the Cahokia substa- 
tion to a new 66-kv. substation on the Venice prop- 
erty. This line consists of two circuits of 350,000-cir. 
mil copper on steel towers built along the river front. 
The other line extends to the Illinois Power and Light 
Corporation’s new substation in Belleville, a distance 
of approximately fourteen miles. The two circuits on 
this line are 4/0 A.C.S.R., also on steel towers. An 
ultimate installation of four more circuits can be 
accommodated from the south by addition of two 
more bays and switching equipment. 


Structure 

The steel structure as now completed is 75 ft. high, 
150 ft. long and 50 ft. wide, consisting of five bays, 
each 30 ft. by 50 ft. At present there are two bays for 
feeders, two for transformers, and one for future 
feeder requirements. The latter bay, with an addi- 
tional one for transformers and one for feeders, will 
take care of the four future circuits mentioned. The 
general layout is evident from the: one-line diagram 
of the substation shown in Fig. 1. The structure was 
designed mechanically to act as a dead-end for the 
outgoing lines. Both north and south lines dead-end 
on the same bracket. After future requirements have 
been provided for, the substation will have four 
identical bays for outgoing circuits, two for trans- 
formers; and the seventh or center bay will contain 
the bus junction as well as the transformer connec- 
tions of the reserve set of transformers. The switching 
for this transformer bank is such that it can be 
switched to either the north or south bus by means 
of air break switches. 
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Equipment and Feed 

The transformers now installed are six 16,667-kv-a. 
units, single-phase, self-cooled and wound for 13,800/ 
69,000 volts. They are connected delta on the low 
and star on the high side. The feed to the transformers 
from the Cahokia Plant, dimly outlined to the left in 
the frontispiece illustration, is supplied through 
eighteen 1,500,000-cir. mil single-conductor under- 
ground cables. These cables are of stranded conductor 
over a spiral core, and are insulated to avoid sheath 
currents and consequent electrolysis. They are 
terminated directly on the low-voltage buses, three 
for each phase, and brought up from the conduit 
run through concrete pillars containing fibre conduit. 

Of the seven oil circuit breakers installed, six are 
for the line and transformers and have a 600-amp. 
rating; and the seventh is a bus junction breaker hav- 
ing a rating of 1200 amp., all of them of 73,000 volts. 
The air break switches are of 600 amp. rating and are 
gang operated. The lightning arresters are of 66 kv. 


Relays and Metering 

All of the circuit breakers are equipped with two 
bushing-type current transformers for relay operation. 
The relays are all of the induction type and perform 
the usual functions of overload protection, current 
balance, and directional and overcurrent protection. 

In addition, metering equipment has been incor- 
porated on all outgoing feeders. The metering has 
been designed to give totalizing demand and kilowatt- 
hour data, these being of prime importance due to the 
contracts with other companies, all service being 
supplied on both demand and energy basis. 
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Heaviside’s Operational Calculus as Applied 
to Engineering and Physics 


PART II: THE NATURE AND PRACTICAL VALUE OF THE OPERATIONAL SOLUTION 
PART III: THE EXPANSION THEOREM 


By DR. ERNST JULIUS BERG 


Consulting Engineer, General Electric Company 
Professor of Electrical Engineering, Union College 


of differentials and integrals was undesirable 

—if it were possible to do without them. He 
also believed that even the most primitive electrical 
engineer could apply Ohm’s law to the permanent 
condition in a direct-current network involving only 
em.f.’s and resistances. In short, he adopted the 
premise that in the circuit illustrated in Fig. 2 


HL o citeren evidently concluded that the use 


Fig. 3 Fig. 


any electrical engineer could show that the total 
resistance is 


_ RR 
o= 
R+R 
Thus l Pon 
po a (ATR) 
Ro RR, 


the steady current after the system has become stable. 
Again, in the circuit shown in Fig. 3 he assumed it 
as evident that the total resistance was 


RR, 
R+kR 


and that the current in any branch can easily be 
found as a function of the steady impressed e.m.f. 

He then considered more complicated circuits as, 
for instance, that shown in Fig. 4. Here a resistance is 
connected in series with an inductance. The instan- 
taneous relation 


Ro = R:+ 


: di 

e=ir+L — 

dt 

he assumed as well known. Thus under his condi- 
tions we write 


E1 =ir4pLi=i(r+pL) 


Fig. 4 


In the case shown in Fig. 5, where the circuit consists 
of a condenser in series with a resistance, the instan- 
taneous relation is 


1 
e=ir+ à f idt 


Thus under his conditions, 


Soe 8s 1 
E1 EO a (+=) 
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m 
r5 
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O 


Fig. 6 


Fig. 7 
In the case shown in Fig. 6 
di 1 
=14 — +- [id 
e=ir+L atz {i 
Thus under his conditions, 
J 1 
E1 =ir+pLi+z =i (r++) 


His so-called ‘“‘resistance operator” for a circuit of 
resistance and inductance in series is z=r+pL. Note 
that this does not mean that the impedance is r+ pL. 


It merely means that if toperates on the unit function 
a 2 


of E, the current under Heaviside’s condition can be 
found. The resistance operator for a circuit of resist- 


eos TRF 1 
ance and capacity in series is z =r+ —. 


| pC 
The operator in the case of resistance, inductance, 
Se bea l 
and capacity in series is z = foe RETE A 
P > 


Consider next the circuit shown in Fig. 7, which 
might represent a leaky condenser in series with 
a resistance. We may proceed to set up the equa- 
tion of the steady current as if the various 
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branches contained resistances only, t.e., from Fig. 3 
we get RR, 


R+kR, 
Substituting for the R’s the corresponding resistance 
operators we get: 


Ro= Ro+ 


1 
” pC r +rropC+ 
; ToT TT T 
aT a a C 
r+— 
pe 
Therefore 
-E1 F (1+rpC) (8) 


Zo rtret+rrepC 
This relation he calls the operational solution and 
writes it: 
fon dar t (9) 
Z (p) 
Thus in this case 


Y=1+pCr 
Z=rtrtrrepC (10) 
It is evident that the operational solution is not 

limited to finding the current caused by the applica- 
tion of a steady voltage E at t=0. Another problem 
might be to find, for instance, the operational solu- 
tion of the e.m.f. consumed by the condenser at any 
time after the application of E at the terminal of the 
network. To get this solution, it is at present better 
for the student to refer to the equivalent d-c. network 
illustrated in Fig. 3 and to solve for the voltage con- 
sumed by R, which in that diagram takes the place of 
the condenser in Fig. 7. 
This voltage is readily seen to be 


RR, 
RR: + RR, + RR: 
Substituting the resistance operators we get 


e=FE 
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Let us return for a moment to Equations (8) 
and (9). 

The question may well be asked why not write the 
operational solution 


1+pCr 


rtretrrepCc 


= 1] 
t=£ f 4 (11) 


o 1+pcr | and Z= l, or 
r+ro+rr pC 


in which case Y would be 


why not write 
1 
rtrotrropC 
1+pCr 


in which case Y would be unity and 


_r+r+rr:pC 
1+ Cr 


It will be clear from what follows in the proof of the 
expansion theorem that Equations (S) and (12) are 
equally applicable, but that Equation (11) would 
not do. 

The rule is that the operational solution must be of 
such form that when Z, the denominator, is equated 
to zero we obtain the largest number of roots of p. 
r+re 
Tr C 
whether we use Equations (8) or (12); but Equation 
(11) gives no roots at all. In most problems Z contains 
higher powers of p than the first when, of course, sev- 
eral roots are obtained. 

From this consideration it should be evident how 
the operational solution is obtained at least in 
networks of concentrated resistance, inductance, 
and capacity. 

A number of examples will be given later which 
involve not only resistance, inductance, and capacity, 
but also mutual inductances. These will help to clear 
up any doubts that may exist at this time. 


In this case Z=0 gives only one root, p=— 


PART III: THE EXPANSION THEOREM 


In Part II has been shown the method of obtaining 
the operational solution. It must be remembered 
that the operational solution gives the answer only 
in case a Steady force is suddenly applied to the svstem 
at t=0. Thisis, of course, not alwavs the case in actual 
problems where the forces frequently are varying or 
indeed where no external forces are applied, as in the 
case of the discharge of a condenser. Such cases are 
easily solved, however, as will be shown in Parts VI, 
VIII, and XIV. Asa rule, the solution then depends 
upon that obtained by first assuming a steady force 
applied at t=0. Briefly, whatever the nature of the 
preblem, it is usually essential to know the solution 
in the case of a steadv force applied at t=0, that is, 
under the so-called Heaviside condition. 


In Equation (9) in Part II, the operational solution 


Y 
for the line current was given as 1=E —” 4 where 
(p) 
Yip) and Zip) were certain functions of p. 


If Zip) is of higher power in p than Yi), then = is 


(p) 
a fraction. If on the other hand Yp) is of higher 
power in p than Z?, it is always possible by division 


Y : 
to reduce ae to a sum of terms some of which are 
(p) 
integral functions of p and one of them a fraction. 


So the resultant expression becomes, for instance, 


Ap414+B14+C Yn) 4. In the last case the expression 
(p) 
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OF is obviously not the same as that in the first case. 


(p) 
The solution of the problem is then the sum of the 


solutions of Ap 1, B4 and C Yo) 4. 
(p) 
From what has been said about p4 it is evident that 


this term Ap4 contributes something which is 
infinite at t= 0 and zero afterward. The solution of the 
third term, the fraction in p, is obtained by the 
Expansion Theorem. 

Z always contains p in various powers. 
general, Zp) can be written 


Thus, in 


Zp) = p"+ap" SLE E E E 
Let the roots corresponding to Zp =0 be pi, po, ps, 


etc. Therefore 


Zippy =(p— p) (P— pe) (p-p) 


and 
Yep) 


— (p—p:) (p—p2) (p-p) 


When this expression is broken into partial fractions 
and all roots are different and none is zero, we get 


Y» A B C 


(13) 


+—— +e (14) 
Zip) p-p p-p: p-p: 
in which 
Ant B-20, etc. (15) 
Z’ P Z (ps) 


where Z’ is kd Z and Z"(,, is the particular value of Z” 


when pı is substituted for p. For the explanation of 
this relation see, for instance, Todhunter’s “Integral 
Calculus” (second chapter) or Pierce’s ‘‘Table of 
Integrals” (p. 14). 


We get also 


Yin 4 — 
Zip) 


(16) 


p— Pi p— pr 


Substituting the value for 


4 from Equation 


p— pr 
(4), Part I, it is easily seen that Equation (14) becomes 
A B A pil B prt 
[ -2-2 KES f ee 1 (17) 
Pı pr 


From Equation (14) it is evident that the first paren- 


thesis is —= 


Yo 4 for p=0 or for the sake of brevity Yo 4. 
(p) (0) 
The second parenthesis after substituting the values 

of A B----from Equation (15) is 


Yip e” Voe” 
l a for p=pı+ z near 4 
P ap ae 


Therefore 


Y (0) j 
(0)  PibsPa-- p az 
dp 

which is the same equation as Heaviside gives on 
page 135 (Vol. ii). Note, however, that in this demon- 
station it has been assumed that all roots of Zp = 
are unequal and not zero. The method to be used when 
several roots are equal, or when one root is zero, will 
be given in Part VII. 

Heaviside always omitted writing the unit function { 
in terms involving the independent variable t, but 
usually, though not always, wrote it when the solution 
is given in some function of p. There is a good practical 
reason for this—we would otherwise have too many 
4’s in the equations. For this reason it seems wise to 
follow his style and from now on the unit function 
will be omitted when the solution is given in ¢. It 
should be remembered, however, that it belongs there. 

It is an interesting fact that while the expansion 


(18) 


. : Y 
theorem is deduced under the assumption that : ® 


(9) 
is a fraction in powers of p, it is not a necessary limita- 


tion under the Heaviside condition. The expansion 
theorem can be used as given in Equation (18) even 
though the highest power in p is the same in Y; 
and Zp. Even if the power in p is higher in Yip) 
than in Zp), it is generally not necessary to divide 
through. Instead, we can proceed in the usual way 
with the mental reservation that to the result ob- 
tained there must be added a term which is zero before 
and after t=0 but is infinite at t=0. 

Consider the case where the highest power in p is 
the same in the two expressions. 


Vy =p" tap" +p H y 

Z =p" +ap" Th bp"? e c 
By division we get: 
a E ED 2 
Lep) p"+ap"*+Bp" ++- c Zip) 


Here the second term is a fraction in p and we can with- 

out hesitation proceed with the expansion theorem. 
The solution of the second term generally contains a 

Y 2 1(0) 


(0) 
The solution of the problem is then 


constant term and a series of terms involving e”. 


14+ Gape 
Z (0) 


Y = 
o would of course be T so that the total value 
f (0) C 
y-c Y Sete 
of the constant term would be 1+ —— =~— which is 
c c 


also the value obtained if we had proceeded without 
the division. It is also evident that since Zp is the 
same whether we divide or not, the number of roots 
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and the values of the roots corresponding to Zp =0 
are the same. 

In the first case, when we do not divide through, a 
number of exponential terms result 


mı e?" + Mle Pt + eee ee eee 


In the second case, the same number of terms result 


and it happens that under the Heaviside condition 
k} =m, kı =m, etc. 
Since Yig =.Y (9) p" —[Z(p) — P") = Yin) Zo 


x 


Therefore kı = |2220 for p=pı. But this is Yin 
dZ dZ 


á dp á dp 
since Zp) for p= pı must be zero. Thus kı =m, and 
similarly k: = 12, etc. 

Experience has indicated that the student is little 
likely to go astray in the use of the Expansion Theo- 
rem if he introduces a definite order of procedure. 

(1) Write down the value of Z,,). | 

(2) Write Zip) =0 and solve for p which gives values 

Pi, P2, P3, etc. 
If Zip contains the first power of p, only one 
root p, results. 

- If Zip is quadratic in p, two roots pı and pz 
result. A cubic equation gives three, etc. 

(3) Differentiate Z,,) in respect to p, t.e., find 


dp 


(4) Write out p Ew, 
(5) Substitute in (4) p=pi p= pz: etc. 
(6) Write out Yip and substitute p = pı, p= Ppa, etc. 


(7) Write Yo and substitute in this equation p=0 
(p) 


to find Yo. 
(o) , 
In general, the solution then contains one constant 
Y 
term +2 and a number of terms 
(o) 
C; e" Cs e?” foresees. 


Y Y 
here Cı is —” for p= pi, Co=—® for p= pn», etc. 
Ww 11 17 p=hi, Ce 17 p= pz 


P ap Pap 
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At this point the mathematician may say that this is 
nothing but the usual solution of a linear differential 
equation where the right-hand number is a constant; 
and this is of course the truth. The beauty of Heavi- 
side’s treatment lies in the wonderfully simple method 
used to determine the integration constants Ci, Cz, 
etc. They are obtained: by the simplest kind of oper- 
ation involving only the knowledge of differentiation 
in respect to p. 

The simplicity of his method is especially appre- 
ciated when dealing with differential equations of 
infinite order, such as are met in systems of “‘dis- 
tributed” constants where the number of integration 
constants are infinite and often hopelessly difficult to 
evaluate by conventional methods. 

Heaviside really uses two rather distinct methods in 
solving his problems: one, and the safest one, the 
Expansion Theorem; the other, the ‘‘algebrizing”’ 
method in which case he expands the operator in a 
power series. 

The disadvantage of the first method is that it is 
often very laborious. Zp =0 frequently gives a num- 
ber of complex roots, difficult to locate. 

The disadvantage of the second method is that it 
leads frequently to series expansions which are very 
dificult to interpret, which are valid over certain 
regions only, and which even in those regions give 
only a fair approximation. 

Unfortunately, his operational calculus which de- 
pends upon the expansion of functions in a power 
series is poorly fitted to certain problems as will be 
shown in Part XVI. But there are shorter ways as 
will be discussed in that part and elsewhere. The use 
of Duhamel’s integral (Part XIV) or the vector equa- 
tions when dealing with permanent conditions due to 
periodic forces is strongly to be recommended. If the 
“‘algebrizing’’ method gives a series which is not 
convergent or is convergent only over a certain 
region, do not expect it to tell the whole story; it 
seldom does. Try then another method. Heaviside 
says (page 492, Vol. ii) in connection with expansions 
involving divergent series: ‘‘There is more to be said 
on this subject and I have no doubt a good deal more 
will be said when proper mathematicians will thor- 
oughly explore divergent series for physical pur- 
poses.” 

It looks as if Carson were well on the wav. 


(To be continued) 
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Vacuum Tubes as Oscillation Generators 


PART III: DESIGN OF THE SIMPLER VACUUM TUBE CIRCUITS 
By D. C. PRINCE and F. B. VOGDES 


` Research Laboratory, General Electric Company 


oscillating circuit must contain a certain amount 

of stored energy in order to maintain oscillations. 
The energy leaves the circuit as output at a different 
instantaneous rate than it enters as input, and, conse- 
quently, some flywheel effect is necessary. 

To see how this energy storage effect may be 
calculated, consider a circuit having an inductance L, 
a capacity C, and oscillating at a frequency f and 
voltage V with W watts loss. At a point in the cycle 
when the current is zero, the instantaneous voltage 
will be 4/2 V; all the energy is stored in the condenser; 
and its amount is CV?. The r.m.s. current in this 
circuit is 27 fCV, and the joules lost per cycle are /f. 
Dividing energy stored by joules lost per cycle gives: 


J: has already been shown that a vacuum tub2 


Energy stored CV? fCV? | 2mfCV? VI 


Energy lost per cycle W/f W RW 2rW 


which shows that the ratio of energy stored to energy . 


a et dk ak 
dissipated per cycle 1s se times the ratio of reactive 
T 


power to watts. Circuits having less than twice as 
much energy stored in them as they dissipate per 
cycle have been found by actual test to have a 
tendency toward erratic operation. Circuits having 
a greater relative amount of stored energy give 
excellent operation but require more condenser 
capacity and more expensive inductance coils, and 
the useless power losses in the oscillating circuit are 
higher. Unless, therefore, there is some other determin- 
ing factor, circulating volt-amperes should approxi- 
mate 4 m times the total power output in watts as a 
desirable minimum value. Another way of saying this 
is that the power-factor should not be over 8 per cent 
or, in the older radio nomenclature, the decrement 
should not exceed 0.25. This circulating energy has 
the same effect as the flywheel of a single-acting 
engine and must be coupled closely to the plate, t.e., 
the circuit must be so arranged that the sinusoidal 
voltage wave of the oscillating circuit is available at 
the tube terminals without distortion .due to the 
current passing between the two. As a mechanical 
analogue, consider the value of a flywheel driven 
through a spring—an oscillating circuit connected to 
a vacuum tube through a loose coupling of any sort 
would be equally ineffective. 

After assurance is obtained that the circulating 
energy is adequate, the design of an oscillating circuit 
becomes a matter of obtaining the proper voltages and 
phase relations for the leads to the tube. Two general 


types of circuit areincommonuse, and, ineitherof these, 
the production of the desired values is quite simple. 

Fig. 22 shows a form of the Hartley circuit. In this 
circuit, the oscillating current is made to flow through 
two inductances or one inductance with a tap. The 
voltage drops across the two windings are used as the 
alternating components of the plate and grid voltages. 
Energy is supplied at constant potential from the 
blocking condenser C2. This condenser supplies the 
pulses of current drawn through the tube at the 
frequency of the oscillating circuit. The charge is 
replaced at a more uniform rate from the direct 
current source G through the choke L,. The oscillating 
circuit consists of the plate inductance L,, the grid 
inductance L, the condenser Ci, and the load resist- 
ance r,. It will be noticed that the pliotron, the 
oscillating circuit, and the immediate source of energy 
C, are connected in series in a manner similar to that 
already described in Part II. The impedance of the 
load resistance will be quite small compared with the 
other impedances in the oscillating circuit, and its 
effect on the voltage distribution may be neglected 
in an approximate calculation. The function of the 
grid leak resistance r, and bias condenser C3 is to 
maintain a bias for the grid voltage. The condenser 
has sufficient capacity to pass the current pulses 
through to the grid without distorting the voltage 
wave, but the average current thus passed is dis- 
charged at a uniform rate through the resistance, 
thereby providing a steady bias voltage. 

In designing a circuit of the type just described, 
the first step is to determine the volt-amperes in the 
oscillating circuit, which value should be at least 47 
times the watts output. The voltages across L, and 
L, are obtained from the curves giving optimum 
operating conditions for the tube, and this fixes the 
current and impedance of the various parts of the 
oscillating circuit. The value of the grid leak resistance 
is also obtained from the optimum operating condi- 
tions curves. This leaves only the plate choke L,, 
blocking condenser Cz, and grid leak condenser C to 
be determined. In general, if the choke has enough 
inductance, so that it passes only a very small current, 
and the condensers have sufficient capacity to present 
no appreciable impedance to the currents which they 
carry, the circuit will operate satisfactorily. There are 
certain refinements to be considered if the best design 
practice is to be followed, but consideration of these 
will be deferred. 

Fig. 23 shows a form of the Colpitts circuit which 
differs from the Hartley circuit in that the plate and 
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grid alternating voltages are obtained by taking the 
voltage drop across two condensers instead of across 
two inductances. The oscillating circuit, therefore, 
consists of the plate condenser C}, the grid condenser 
Cg the inductance L, and effective resistance r,. A 
plate choke L, and blocking condenser C, are used 
as in the Hartley circuit. The capacity C, serves also 
as the grid leak condenser. In order to prevent a loss 
in the grid leak resistance, 7,, due to the alternating 
voltage across the condenser, the former has in series 
with it a substantial choke coil, Lə}. The Colpitts 
circuit offers practically the same design problems as 
the Hartley circuit and will therefore not be con- 
sidered separately. 

An example will-serve to illustrate the methods of 
calculation just described. Assume a Hartley circuit 
as in Fig. 22 driven by a one-kilowatt pliotron operat- 
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Fig. 22. The Hartley Circuit 


ing at 15,000 volts direct potential. The curves of 
optimum operating conditions are given in Fig. 21. 
The output is to be one kilowatt at 10° cycles. 

For an output of one kilowatt, the circulating volt- 


amperes immediately available in the oscillating . 


circuit will be 4 r, or about 12.5 kv-a. 

From Fig. 21, the minimum instantaneous plate 
volts should be 630. Deducting this from 15,000 volts 
leaves 14,370 for the peak value of the plate alternat- 
ing voltage, which corresponds to 10,160 volts r.m.s. 
Fig. 21 gives also the grid alternating voltage, which 
1s 2690 volts in this case. Adding the plate and grid 
voltages together gives 12,850 volts as the total a-c. 
drop across the oscillating circuit. 

In order to be conservative, it will be assumed 
that only that part of the energy stored in the oscillat- 
ing circuit which corresponds to the volt-amperes in 
the plate coil is coupled closely enough with the 
vacuum tube to be useful as flywheel effect. This 
means that the plate coil must carry a current 
corresponding to the 12,500 volt-amperes at 10,160 
volts, or 1.23 amp., and this is the circulating current 
of the oscillating circuit. Hence; there results the 
accumulation of the data in Table IV. 

The grid leak resistance should be about 165,000 
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ohms, from Fig. 21, and a condenser of a few thou- 
sandths of a microfarad capacity representing an im- 
pedance of less than a hundred ohms should operate 
quite nicely as a grid leak condenser, C3. A condenser of 
similar capacity, but insulated for a higher voltage, 
should be satisfactory as a plate-blocking condenser 
Ce. It is very desirable to keep the high frequency 
current out of the supply source, because of the 
damage it can do there. As far as the radio frequency 
is concerned, the choke coil, L., is in parallel with the 
plate coil, Lp, for there will be enough capacity in 
the leads and windings of the generator G, to make 
sure that it will present very little impedance to high 
frequency. Hence, if the choke coil has an inductance 
of several hundred or a thousand times that of the 
plate coil, the operation will probably be altogether 
satisfactory. Asa practical precaution, however, it 
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Fig. 23. The Colpitts Circuit 


is advisable to shunt G with a condenser to by-pass any 
high-frequency current reaching its terminals. 

A point of the greatest importance, which is some- 
times overlooked, is the fact that the effective resist- 
ance of the oscillating circuit is absolutely fixed. 
Since the voltages in the circuit permit only slight 
variation without greatly disturbing the efficiency, 
it is necessary that the load absorb the correct power 
at the current fixed by this condition. In the case in 
hand, the current is 1.23 amperes and the output 
one kilowatt, which means .the effective resfstance 
of the oscillating circuit must be 660 ohms. If the 


TABLE IV 


Element of Circuit Volts |Amperes Imped- Value at 108 Cycles 


ance 


Plate coil, L, 10,160} 1.23 8,270/1.32 milli-henries 
Grid coil, Ly ` 2,690} 1.23 2,185/0.348 “ 1 
Tuning condenser, C| 12,850| 1.23 | 10,450/0. 


000,0152 mfd. 


load itself does not have this actual resistance, 1t must 
be coupled into the oscillating circuit in such a way 
that it presents that effective resistance. Considera- 
tions which follow, dealing with more complicated 
circuits, will illustrate some of the ways in which this 
can be accomplished. 


(To be continued) 
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Graphical Determination of Magnetic Fields 
PART I 
THEORETICAL CONSIDERATIONS 


By A. R. STEVENSON, JR.. and R. H. PARK 
Engineering General Department, General Electric Company 


apparatus, the accurate cal- 

culation of the characteristics 
of a proposed design depends on 
the knowledge of the distribution 
of magnetic flux in the machine. 

A few shapes assumed by the 
lines of magnetic flux lend them- 
selves to rigorous mathematical 
analysis. One of the most famous 
examples of this is the calcula- 
tion of the fringing coefficient due 
to the slots along the periphery 
of an induction motor air-gap, 
by F. W. Carter“) who used the 
theory of functions of a complex 
variable to obtain a solution of Laplace’s equation. 

The mathematical complications encountered in 
analyzing the magnetic fields surrounding many of the 
irregularly shaped iron boundaries commonly found 
in electrical machinery, however, have led many 
authors to advocate and describe graphical and 
experimental methods. One of the best bibliographies 
on this subject is given by J. F. H. Douglas in an 
article®) in which he reviews the many methods 
suggested by other authors, but especially emphasizes 
the use of high-resistance templets for experimentally 
plotting a field. 

There are many articles) that describe the graph- 
ical method of plotting magnetic fields in air, but 
almost none of them give any suggestion of a method 
for plotting fields within current-carrying conductors. 
One of the best articles on the subject is ‘The Free- 
Hand Graphic Method of Determining Stream Lines 
and Equipotentials,’’ by L. F. Richardson“. This 
author makes the statement that in a region occupied 
by current, the difference of successive chequer ratios 
in a direction perpendicular to the lines of force, 
divided by the mean chequer area, is equal to a 
constant times the current density in the region. 
But he goes on to say: 

“To drawn chequers free-hand, so as to satisfy a 


I: the design of electrical 


(Q)"*Air Gap Induction.” by F. W. Carter, Electrical World and Engi- 
neering, Vol. 28, No. 22, November 30, 1901, p. 884. 

C) “The Reluctance of Some Irregular Magnetic ey by John F. H. 
Douglas, Proceedings A.1.E.E., Vol. 34, No. 2, 1915, p. 867 

0) The Air-Gap Magnetic Field in Non- Gilient: Pole “Machinery,” by 
B. Hague, World Power, Vol. 4, October, November, December, 1925. 

‘Mapping Magnetic and Electrostatic Fields,” by Arthur D. Moore, 
The Electric Journal, Vol. 23, No. 7, July, 1926. 

(4) The Free- Hand EF ic Method of Determining Stream Lines and 
Ga a poner sou. Philosop'sical Magazine, Vol. 15, 

February, fee 


(*)A proof of this E eee will be found ina footnote in the ensuing 
installment of this article. 


The refinements of modern elec- 
trical design have made more than 
ever necessary an accurate knowl- 
edge of flux distribution, particu- 
larly within the current-carrying 
region. In this two-part article the 


authors present 1n mathematical 
form and in sets of rules for graph- 
ical constructions the disclosures of 
American and European research. 
This material was presented also 
at the 1927 Winter Convention of 
the A.I.E.E.—EbirTor 


difference relation of this sort be- 
tween chequer ratios, is likely to 
be toilsome, and we will here con- 
sider only the case where A? v= 0.”’ 

The remainder of Richardson’s 
paper is given up to the sketch- 
ing of various fields, in none of 
which does he take into account 
the effect of current-carrying con- 
ductors in the space occupied by 
the flux. 

The most complete treatise on 
the free-hand plotting of fields of 
magnetic flux will be found in a 
series of French articles by 
Lehmann ®. The 1909 article 
contains many valuable suggestions for plotting fields 
in air, and the 1923 articles give an elaborate set of 
rules for plotting magnetic fields in regions where the 
curl of the field is not zero, t.e., in space occupied 
by current-carrying conductors. 

It has always been said that there are no lines of 
magnetic equipotential in current-carrying space. 
This is true, but Lehmann pointed out that a system 
of lines orthogonal to the lines of force can be drawn. 
He called these lines gradients, and directed atten- 
tion to the fact that they all converge to one or 
more points in the copper which he called points of 
indifference. 

Consider the field in and aiound a cylindrical 
conductor. The lines of force are circles. The gradients, 
or lines of no work, as the authors prefer to call them, 
are radial lines; and the point of indifference, or 
kernel, is the center of the wire. It is also seen that the 
lines of no work on leaving the copper become lines 
of equipotential. 

This conception of lines of no work radiating from 
one or more kernels greatly facilitates the plotting 
of fields in copper. A very brief set of rules for plotting 
the flux in the current-carrying regions has been 
compiled by Lloyd P. Shildneck, and applied as an 
illustration to the distribution of flux between the 
field poles of an alternator. These are included in 
a later installment of this article. 


(6)' ‘Graphical Method for Determining the Tracings of Lines of Force 
in Air,” by Th. Lehmann, (Three Installments), La Lumiere Electrique, 
Vol. 8, October 23, October 30, and November 6, 1909. 

“The Graphical Determination of Two- Dimensional M agnetic Fields in 
Regions Where Laplace's Equation is Satisfied, and also in Regions Where 
the Curl of the Field is Not Zero,” (Two Installments), by Th. Lehmann, 
La Revuew Generale de l'Electricite, Vol. 14. September 15 and September 2 

“Sketches of Magnetic Fields in Iron” (Two Installments), by Th 
Lehmann, La Revuew Generale de l' Electricite, January 9and January 16, 1926. 
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In June, 1918, R. E. Doherty and O. E. Shirley 
published a paper) which made practical use of 
many sketches of magnetic fields in air. Since that 
time, considerable use has been made of free-hand 
sketching in the predetermination of the air-gap 
fields of salient-pole machinery. Except in a few 
special cases, however, our attempts to sketch mag- 
netic fields in regions occupied by current-carrying 
conductors were rather unsatisfactory. 
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In the fall of 1924, not yet having noticed Lehmann'’s 
1923 article, “ we started to investigate this problem 
seriously. The task of sketching is greatly simplified 
when one knows in advance the approximate shape 
which the sketch should have. Not yet having gained 
the conception of a kernel from which lines of no 
work radiate, only vague and incorrect ideas prevailed 
as to the detail distribution of flux within the copper 
coils surrounding alternator field poles, which was 
the problem then demanding a solution. 

After many attempts to make a reasonable looking 
sketch, it appeared that it would be worth while to 
attempt a mathematical analysis of this field, in the 
hope of obtaining a picture which would at least 
suggest the general arrangement of the lines of force 
in the copper. The purpose of this article is to 
describe this mathematical method, the route by 
which it was derived, and the additional suggestions 
for free-hand sketching which resulted from this 
work. 

Professor V. Karapetoff called attention to a most 
valuable article by Rogowski® which was im- 


mediately adopted as a basis for our work. Unfor- — 


tunately, this is out of print in German and had 
not appeared in English until recently, when it was 
abstracted and translated by one of the present 
authors. ® Rogowski mathematically plotted the 
leakage field in and around transformer coils. The 
illustrations in Rogowski’s article suggested the 
kernels or points of indifference. 
The two fundamental ideas obtained from Rogow- 
sk1’s work were: 
(1) The simultaneous solution of four relatively 
= simple differential equations set up to satisfy 


xB Bahan of Synchronous Machines and Its Applications,” by 
R. 2 ohe and O. E. Shirley, A.J.E.E., Vol. 37, Part 2, 1918, p. 1209. 

Dr. w Rogowski: Mitteilungen uber Forschungsarbeiten No. 71.1909. 

5 ‘Fundamental Theory of Flux Plotting.” by Stevenson, Jr.. 

GENERAL ELECTRIC REVIEW, Vol. 29, No. 11, November, 1926, pp. 797-804. 
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the conditions in four adjacent regions into 
which the field was divided. This simplified 
the problem greatly because each region, taken 
by itself, could be analyzed easily; whereas 
the alternative course, a consideration of all 


four regions at once, would have been a very | 


difficult task. 

(2) This division into regions made it possible to 
represent the current distribution by a Fourier 
series of only one of the space codrdinates. 

The contribution of the present article consists in 
the extension of Rogowski’s method to more com- 
plicated magnetic shapes. Rogowski was followed by 
dividing the field of a salient-pole alternator into 
several regions the equations for which could be 
solved simultaneously. The current-carrying region 
was represented by an infinite series of reflected 
and re-reflected images, while the mathematical 
expression for the boundary region between the pole 
tips was obtained from a free-hand sketch. -This com- 
bination of a strictly mathematical method with 
the theory of images and with free-hand sketching, 
in the parts which can easily be sketched free-hand, 
into a single consistent system of equations which 
gives mathematical expressions for the lines of force 
in the part of the field which cannot be easily sketched, 
is, we believe, a valuable engineering tool which 
can be applied to many other problems. Illustrations 
are given of its application to a problem of rec- 
tangular boundaries and also to a problem involving 
circular boundaries. The method can probably be 
extended to an even wider range of problems by 
expressing the equations of Poisson and Laplace in 
more complicated systems of codrdinates. 

Experience has shown that, in certain cases, so 
much sketching and re-sketching is required before 
the kernel can be found by the free-hand method that 
this mathematical method could actually be worked 
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Fig. 3 


out, by the use of comptometers, more quickly than 
the field could be sketched. This theoretical work 
led also to additional rules for guiding the construc- 
tion and checking the accuracy of free-hand sketches. 
In presenting the considerations relating to the 
determination of magnetic fields, the first part of 
the present article is arranged in three sections, viz: 
(1) Calculation of the flux leakage between poles 
in an alternator with approximately parallel 

pole sides. 
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(2) Point conditions in coplanar magnetic fields. 

In this section are given new rules for constructing 
and checking free-hand sketches. 

(3) Application of the method to polar coérdinate 

systems. 

Part of the second and concluding installment is 
merely in the interest of completeness, as for instance 
the presentation of rules for plotting flux in air, 
and a method of plotting two-dimensional magnetic 
felds in space occupied by current-carrying con- 
ductors. The remainder is devoted to valuable 
original material pertaining to vector potential in 
coplanar magnetic fields, the relation of the scalar 
potential function to the vector potential function 
in coplanar magnetic fields, and the calculation of 
inductance from a knowledge of vector potential. 


Calculation of the Flux Leakage Between Poles in an Alter- 
nator with Approximately Parallel Pole Sides 

It is desired to calculate the flux distribution in the 
two-dimensional magnetic circuit of Fig. 1, which 
is Supposed to represent a cross-section of an actual 
pair of field poles. The shaded rectangles are intended 
to represent current-carrying copper. It is assumed 
that the current density is constant over the cross- 
section of the conductors and that the iron is of 
infinite permeability. 

One step in the solution of the problem, in which 
the actual magnetic circuit was replaced by an 
infinitely deep slot, as in Fig. 2, was suggested by 
one of the writers’ associates, C. J. Koch. Under this 
assumption, the complete magnetic circuit may be 
replaced by a double row of images extending to 
infinity, as shown in Fig. 3. It was found that the 
solution used by Rogowski“® for the flux in a trans- 
former with pancake coils could be applied to this 
case, by using a Fourier series for the infinite string 
of images. 


yp 


Fig. 4 


The problem may be reduced, in fact, to a considera- 
tion of an infinite series of rectangular conductors 
parallel to an infinite plane of iron, as in Fig. 4, and 
the solution is the same as Rogowski’s for the case 
=o except that, since all the currents are of the 
same sign, there will be a constant term, @o, in the 
Fourier series for the current density, which requires 
an additional term, 2r a x°, in the equation for 
vector potential R, in current-carrying space; and 


°)For translation, see reference given in Footnote (9). 
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it will also be found that the constant terms and 
coefficients of x will not drop out as they did in the 
transformer problem. 

The solution for dimensions of coils and slots given 
in Fig. 5, is as follows: 


i E 


iiss oka IN —kn(a— ue ae -kn(a +1) cos no 


Region IT: 


[2— e7" 6 -0 


R=2 r a (x— -a Ši a 


— ¢ hale a) a $ "aiii ] cos no 


Region III: 
R=2 r dm (b—a) [2 x—(b+a) | 


A > m yell 


+e -kn(b +a) ] e ~ Aals - b) 


= porn m é — 2knb 


cos no 


wherein, for convenience, the y coördinate has been 
replaced by 0 which varies from — v~r to m across the 
total width of the slot. Also, 


9 
T where l is the width of the slot. 


r — (0:46) . 
ga 
T 
23 
a, = — [sin (n0) + (— 1)” sin (n 02) | 
nt 


where 7 is the current density in the copper and @; 
and 6) are indicated in Fig. 5. The field distribution 
for this case is given in Fig. 

In order to extend the solution to include the effect 
of the pole tips and the finite depth of slot, it was 
suggested that the field be calculated by replacing the 
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actual magnetic circuit with a closed rectangular 
magnetic circuit of the same dimensions as though 
the pole faces came together, leaving no air-gap. The 
effect of the air-gap was to be simulated by a narrow 
strip of copper along the surface of the iron, assumed 
to carry a total current equal to the sum of the cur- 
rents in the two field coil sides (see Fig. 7). 


Fig. 6 


A better method of solution is provided by first 
estimating one component of the field in the air-gap 
between the pole faces and using this estimated field 
component as a boundary condition. The procedure 
is as follows: 

The field at the air-gap is first calculated or plotted 
free-hand on the basis of a definite potential between 
the field poles. 


Fig. 7 


The Y component of the field along the line d d’ 
(Fig. 8) is zero from d to e. It is approximately 
inversely proportional to the vertical distance S be- 
tween two lines of force in the neighborhood of the 
line d ad’ from e to e’ and is again zero from e’ to d’. 
The arrangement is symmetrical with respect to the 
x axis. 
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The variation of Y is calculated in this way from 
d to d’, or from 6=—7z to 6=7, and is plotted to 
any convenient scale. The general character of the 
curve is shown in Fig. 9. 

This curve of Y along the upper boundary of Region 
III can be expressed as a Fourier series ©} of the form : 


Y =Bo+ >. knB, cos n6 
1 


Unfortunately, it seems necessary to consider a 


.dozen or so harmonics in using this equation as a 


boundary condition. The solution for the vector 
potential R at any point in the three regions is then 
given by three equations: 
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+ cp! "=" ] cos n0 


where the six constants of integration determined 
from the original Fourier series for current distri- 
bution and the six boundary conditions, one of which 
is another Fourier series, as are follows: 
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(1) The determination of the Fourier series will be simplified if the curve 
(Fig. 9) between —6 and +0 is assumed of the form: Y =f+g C +h 6°. 
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wherein the letters a, b, and c refer to Fig. 10, and 


25 ay 
" (kn)? 


By assuming that the function of Fig. 9 between 
—6)and +69 may be represented in the form, 


Y=f+g +h 6 


the values of 8, become 
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the figure indicate that portion of the flux distribution 
which was sketched in free-hand. 

Although the problem has been worked out 
for the particular case of the flux distribution 


between two field poles, it is evident that the same 
method may be applied to any problem with rec- 
tangular boundaries. In 


’ Oot t 2 2 : ; : 
[= + (e- 12 h ) (= -=) ] sin n2 case the magnetic circuit 
2 3 è . ; 
7 á mo 0 or the current distribution 
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Any inaccuracy in the determination of g’ and h’ 
will result in inaccuracy in the field plot only in the 
immediate vicinity of the pole tips. 


Y 


Fig. 9 


In the foregoing equation, ĝo is the value of @ at the 
pole face edge, as indicated in Figs. 9 and 10, and k 
and a, are the same as in the solution for the infinite 
slot. 

The solution, assuming the current density such 


1. or . 
that æo = z 1S shown in Fig. 11. The dotted lines in 
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Fig. 11 


Point Conditions in Coplanar Magnetic Fields 


The theory used in the preceding calculation can 
be made to answer various questions which arise in the 
free-hand sketching of magnetic fields; and it also offers 
various criteria for judging the accuracy of the sketch. 

The question 1s sometimes asked whether there is 
any refraction of the lines of force at a copper-air 
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boundary. As a preliminary theorem it will be proved 
that there is no such refraction, or discontinuity in 
slope, but that the radius of curvature of a line of 
force may change suddenly when the line crosses the 
boundary of a current-carrying region. This change 
in the curvature of the field at the boundary of current- 
carrying copper is readily detected on a correctly 
drawn field plot, especially where the lines emerge 
from the copper perpendicularly and the field inten- 
sity is low. 

Theorem I: There is no refraction at a copper-air 
boundary. 

In studying the possibility of refraction at copper- 
air boundaries where the permeability is continuous, 
the classical problem of refraction at a boundary 
where the permeability is discontinuous will be 
considered, taking into account a flow of current 
on one side of the boundary. 

Fig. 12 indicates the boundary of two regions, I and 
II, of permeabilities uı and pe. The normal and 
tangential components of the magnetic field on either 
side, but immediately adjacent to the boundary, are 
H,, and H,», and H, and Hy, respectively. 

In order that the total flux emanating from the 
space included by the dotted area shall vanish, it is 
necessary that the integral of the outward component 
of flux around the area must vanish. If the flux density 
is everywhere finite, in the limiting case where the 
area is made vanishingly thin the flux emanating 
from the ends of the area may be neglected. There- 


fore l 
b b 
f Mi H,, dt - Í MeHg dt 


H n2 | (1) 


and 
Ma Hyi = Me 


From the application of the condition that the line 
integral of the field around the dotted area must 
equal 4 r times the current included, and the assump- 
tion that the current density is finite, it follows in 
the limiting case, in which the area is made vanish- 
ingly thin, that the current included, and therefore 
the complete line integral around the boundary, 
vanishes, 1.¢.: 


b a 
a b 


Has He (2) 


From Equations (1) and (2), it is evident that the 
well-known rule, stating that at any point of a 
magnetic field, the normal component of flux density 
u H, and the tangential component of field inten- 
sity H, are continuous across any boundary, holds 
even when there is current flowing on one side of the 
boundary, provided that the current density 1s not 
infinite at the point under consideration. 

Since the permeability of copper and air are 
approximately equal, it therefore follows that there 


Therefore, 
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can be no discontinuity in the normal and tangential 
components, or in the direction of the field at the 
boundary of the copper, even though it be carrying 
current, provided that the current density at the 
boundary is not infinite.* 

Theorem II: There will be a change in the normal 
gradient of tangential field intensity at a boundary 
of current-carrying copper. 

At a copper-air boundary the relation, curl H =4 ui, 
may be written in the form, 


0H, ðH, 
on Ot (3) 


where the vectors n, t, 2 form a right-handed system 
of unit vectors, as in Fig. 13, and ¢ and n are respec- 


=471 


Fig. 12 


Fig. 13 


tively tangent and normal to the copper-air boundary. 
Since H,, is continuous across the boundary, it follows 
that 0H,/0s is continuous across the boundary, 
where the term s refers to distance measured along 
the boundary. But, at any point on the curve, neglect- 
ing infinitesimals of higher order, the are and the 
tangent coincide. Therefore, 0H,/ds=0H,/0t and 
ð H,„/ð tis also continuous across the boundary, from 
which it follows that 


(=) =4 r A (t) 


The discontinuity in ð H,/ð n across the boundary at 
any point, therefore, is equal to 4 r times the dis- 
continuity in current density at that point. 

Theorem III: At any point in the field, the quotient 
of the magnetic density divided by the radius of 


(4) 


* In the analysis of practical electrical problems involving coplanar 
fields, it is sometimes convenient to idealize to the extent of assuming the 
exciting currents to be concentrated in a ribbon of negligible thickness, f.e., 
to assume that a finite amount of current flows into the plane of the field 
through a line drawn in that plane. 

In this case, the current density is infinite for points on the line. It 
will be readily verified that. at a boundary along which a linear distribu- 
tion of current density exists, Equation (2), Theorem I, becomes: 


He-H, =æ 4 xi’ 


where f’ is the current density at the point in question. 
In particular, for a linear distribution of current density along an iron 
surface, we have: 
Hy = O 


and thus: 
Hp,=4 wi’ 


the tangential field intensity ene an iron surface faced with a distri- 
bation of linear current density de pends only on the value of the linear 
density at the point in question. This relation, which is obvious as soon as 
appreciated, may be seen to necessitate the generally understood rule that 
equipotential lines shall enter such a surface at points separated so as to 
mark off sections including equal amounts of current. From the point ot 
view that such equipotential lines when continued into the copper to form 
lines of no work shall enclose equal amounts of copper, this conclusion 
might appear to be open to question, A, further obvious point, however. 
that is sometimes neglected, is that equipotential lines and lines of force 
must, in general, enter such linear distributions of current at a slant. 
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curvature of the lines of force, minus the rate of 
change of the magnetic density along a line normal 
to the lines of force, equals 4 r times the current 
density in the region under consideration. 

Equations (3) and (4) may be used to check the 
accuracy of a field plot sketch, but a somewhat more 
convenient relation, and one which involves the 
curvature of the field directly, is available. 

Let the curve in Fig. 14 be a line of force within a 
field carrying current. It is desired to investigate its 
curvature at the point 0. Shift the axes of codrdinates 
so that the origin coincides with the point in question, 
and rotate them until the x axis is tangent to the 
curve as shown. 


4 


Fig. 14 Fig. 15 


Using these axes, the curve can be expressed by an 
equation, 
2 y=f (x) 


The relation between the curl of the field and the 
current density is 


~ 


— —-—=471 (5) 
y 


And since X and Y are the components of the field 
intensity, the slope of the line of force can be ex- 
pressed : 


dy , Y 
Zefa (6) 
or 
dy 
Y = X — 
re 


Differentiate this? with respect to x; 


aY_d¥_dXdy, „ëy 
ðx dx dxdx d x? 
But, since the x axis is tangent to the field at the 
point in question, 
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dx 
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Substituting in Equation (5), 


d? Py oH | 
soa 4 ei (7) 
dx ay 
(3)At the origin, the slope of the line y = f (x) is zero and the partial 


derivative of Y with respect to x becomes equal to the total aeHYarNE with 
respect to x at that point. 


but the radius of curvature of any curve y=f (x) is 


_ [1 + (dy/dx) 
Ë y/d x? 


and, since dy/dx=0, at the point in question, 


Or, since y is the coérdinate normal to the curve, 
a more general form would be 


aS S494 (8) 


where the quantities H, n, + form a right-handed 
system of vectors, as in Fig. 15, and the radius of 
curvature p is to be measured to the position of the 
center of curvature on the vector n.9 It should be 
noted that, in Equation (8), n is a unit vector normal 
to the field rather than a unit vector normal to the 
copper-air intersurface, as in Equations (3) and (4). 

Equation (8) provides a method of checking up 
with tolerable accuracy the shape of lines of force 
which have been sketched in free-hand. 

Numerical Application of Theorem III. In order 
to test its probable accuracy, this method was used 
to check a field plot at a point inside a square con- 
ductor in the bottom of an infinitely deep slot as in 
Fig. 16. The lines of force had already been plotted 
from an exact formula for this case. Since the current 
is flowing downward (perpendicular to the paper), the 
positive directions of H and of the normal are as 
indicated by the arrow heads. 

Assume that the cross-section lines of the figure 
are spaced a centimeter apart. The tube (2214-1214) 
has a width of 1.11 cm. and contains 10 lines of force. 
Therefore, the flux density is 9.0 lines per sq. cm. 
The tube (1215-214) has a width of 1.86 cm., and 
contains 10 lines. Therefore, its flux density is 5.38. 
The flux density at the point P is assumed to be the 
average of these two. 

Therefore, H=7.19 lines per sq. cm. 

The distance between the center lines of tube 
(22144-1214) and tube (1214-214) is 1.5 cm. Since the 
difference in density is —3.62, the rate of change of 
density with respect to distance measured along the 
normal is 


The radius of curvature of the 121% line at the 
point P determined with a pair of dividers is 
p= +3.95 


(13) The value of p shown in Fig. 15 is negative because it is measured 
in the negative direction. 
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Substituting these in the left portion of Equation (8), 


H ðH 7.19 
—— — = — 42.41 = 4.23 
p on 3.95 


The plot was made with an assumed current density 
in the coil of 1 /r abamperes per sq. cm. “9, Therefore, 


ia 
T 


4nr1=4 


i= 
and 


Substituting these values in Equation (8), 


4.23 = 4.00 


Fig. 16 


This inequality would indicate an error of about 
5.75 per cent. 

Special Case Where the Field Crosses a Copper-Atr 
Boundary Perpendicularly. In the case that the field 
crosses a copper-air boundary perpendicularly, as in 
Fig. 17, the term 0 H /ð n is identical with the quantity 
ð H/ð s, where s refers to distance measured along 
the copper-air boundary, and ð H/ð n is, therefore, 
continuous across the boundary. The discontinuity 
in H/p across the boundary, therefore, is equal to 
4 x times the discontinuity in current density across 
the boundary; t.e., 


a(*) =47At1 
p 


(4) This value of current density can be checked as follows: 
The area of the conductor is 36 sq. cm. Therefore, the total current is 
p= % 
T 


m. m.f. = 4x] = 144 
The width of the slot is 


l = 12 cm. 
. m. f. 4 f 
Hu F ELl = 12 lines per sq. cm. 


. Therefore, in the region where the lines of force are straight parallel 
lines, the width of the tubes containing 10 lines should be 10/12 =0.835 cm. 
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Or, since H is not discontinuous, 


a(4)-Ẹ a: 
p H 


Hence, it follows that near the nucleus, where H is 
small, a discontinuity in current density at a given 
point may easily produce a large discontinuity in 
the curvature of the field at that point. 

Special Case Where the Field is Tangent to the Copper- 
atr Intersurface. If the field is tangent to the copper- 
air intersurface, this surface coincides with the x axis 
in Fig. 14. It should be noted that 


p ox 


It is equal, therefore, to the rate of change of the 
normal component along the surface of the copper 
which is continuous across the boundary. 


4 


Copper Line of Force 


lror 


Fig. 17 
Therefore, in this case, any discontinuity in Equa- 
tion (8) must be written 
A(@H/dn)=—-—47At 


Thus, in the case of an isolated circular wire carry- 
ing a longitudinal current, the field inside the wire is. 


pivem Dy H=—2riíir 
and differentiating: ) 
a ee 
ðn ðr 


If ro is the radius of the wire, the field outside the 
copper is given by 
—2 (m rè)i 


r 


H= 


and, differentiating, 
ð H 0H +2rrěi 


ðn ðr- r? 
Therefore, at r= ro, 
ð H te 
— = —2 qr 7 inside the copper 
On 
= +2 71 outside the copper 
ð H , a 
— =4 71=47 A (1) 
ON 
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as would be expected since the field at the boundary 


is tangent to the copper. 

In the case of an infinitely deep slot partly filled 
with copper, as in Fig. 18, the curvature is zero; and 
we have 


H=-4 71x 
and, differentiating, 
dH dH 
——=-———=47ni 
On dx 


When one Abampere o 
uniform density flows in 
the copper, there exists 
between any two of the lines a 
tube of force containing flux lines. 
Between line 1.27 and 0.87 there 
are 0.40 lines. Between 1 27 and 
the Kernel, O, there are 1.27 lines 

The equation of any line of 
force in the copper region is 


A Nn. œ 
pe oN (2) sa ™% 
0.87 EDERE Sin -7 Cos n8 


2037 LELE 
pa HEr + on | 
r= Any radius within copper 


` @=Any angle measured 
from the Vertical 


6,-Angular opening of gap 
¥,=Radius to iron 
l e Radius of copper 


Fig. 19 


while outside the copper the field is constant, so that 
ð H/ð n vanishes. Hence, at this type of copper-air 
intersurface also, 


TELLE eae 
On 


as would be expected. 


Application of the Method to Polar Coordinate Systems 


One of the writers’ associates, T. R. Rhea, has 
plotted the flux in and about a round bar“ ina 
round slot, as shown in Fig. 19. The tangential com- 
ponent of field intensity H, will be zero around the 
iron surface w= © except at the air-gap. Here the 
value of Hy, will rise abruptly and follow some sort 
of curve to the other side of the air-gap. If He, 
obtained from a free-hand sketch, is plotted against 6 


(16) With alternating-current flowing in the bar, the current distribution 
would not be uniform, but the problem of skin effect is outside the scope 
of this article and, for purposes of illustration, it is here assumed that the 
current density is uniform. 
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around the circumference (at r=ro), a curve some- 
thing of the shape shown by A in Fig. 20 would be 
obtained. 

The sharp peaks on the curve are caused by the 
corners where the slot cuts into the circumference. 
To obtain a boundary condition that would exactly 
represent the boundary conditions of our problem, 
the Fourier series for the foregoing curve should be 
obtained, after this curve had been determined from an 
accurate and quantitative field sketch at the 
air-gap. 

It is assumed, however, that these peaks may be 
neglected and the average value of H, across the air- 
gap used. This will greatly simplify the Fourier 
series representing the boundary ‘conditions, and will 
not greatly affect the calculations farther down in the 
regions which are to be investigated. 


|e 


Fig. 20 


With this assumption the boundary condition 
curve for H, will be of the form shown by B in Fig. 20. 

Here 6, is the angular opening of the slot. 

The total m.m.f. across the slot is 4 m I, where J 
is the total current in abamperes. As the medium 
within the slot is air, the field intensity, assumed 
uniform across the gap, will be 


Ha m I 


robi 


The Fourier series expressing such a curve will 
be of the form, 


n = %0 


HeC Seki = (9) 
n=] 


The constant Co is the average value of the curve, 
and has the value 


SERT i 
A (10) 
2 r Yo 
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The value of the general constant C,, may be found 
from the expression 


+r 


TERDA H, cos n 6 d0 
Td» 
+61/2 
an OES cosa Gao 
TJ 6/2 Tobi 
ec gs (11) 
ron 8, 2 


Having obtained a Fourier series for the boundary 
condition, it is now necessary to set up expressions 
for the vector potential that will satisfy all the 
conditions. 

The four conditions are: 

Condition I: Poisson’s equation for the vector 
potential R in Region I, expressed in polar coördi- 
nates, 8) as 
R ËR 1 @R_ 


F 
ðr 


A 
r 


where 7 is the current density (assumed uniform). 
Condition II: At the boundary between Regions 
I and II, both H, and H, are continuous functions 
because there is no change in permeability. 
Condition III: Laplace’s equation for the vector 
potential in Region II, expressed in polar coördi- 
nates, as 


(13) 


1 aR ËR, 1R 
ror ðr r 


Condition IV: The outer boundary condition at 
r=ro which has already been given in Equation (9). 

A solution which will satisfy these four conditions 
is provided by the form: 


R=R,+R, 


where R, is the vector potential of an isolated wire 
in space and R» is a function satisfying Equation 
(13) and so adjusted that Equation (9) is satisfied. 
That this solution satisfies the conditions imposed 
in both regions may easily be verified. 

Choosing Rı=0, at r=0, the function R, is, in 
Regions I and II, respectively, 


(14) 


(E) 

r2 Eea 

Ri"=21 [10 e( Z) + | (15) 
To 2 


(*)In order to make the sign of R positive it has been found convenient 
to define it by the relations: 


é 
font 


OR OR 
Y= — ee es 
Ox Ox 
instead of 
OR OR 
Yu ———, xX =— 
Ox Oy 


as in Rogowski's work. 
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A sufficient form for the function R: in both Regions 
I and II will be found to be: 


n= 


ry” i 
R= bot » (2) (b, cos nô + ap sin n0) (16) 
n=1 


In Region I, the total vector potential 1s 
R' = R: + Ry 


where the expression for R,;' and R, would be taken 
from Equations (14) and (16). 
In Region II, the total vector potential is 


R" = Ro + R," 


æ 
(e 
Nn 
we 
t 
x 
+i 
© 


4 x 2 
N (NUMBER OF HARMONICS) 
Fig. 21 


From Equations (15) and (16), 


aan S/Y 
R =b+ > (2) (b, cos nO-+a,, sin n). 
n=l 


+2] [io (z) +3 
T2 2 


Maxwell has shown that 


He 17 

a: (17) 

Hran (18) 
r 00 


Taking the partial derivative of R" 


to r, we therefore obtain 


-o n—1 
I 
[> n ( -) (b, cos n0 +a, sin 16) P 
pE To r 


This must satisfy the terminal conditions imposed 
by Equation (9), when r=ro Hence, Equation (19) 


with respect 


aR" 1 


ðr To 


must equal Equation (9) when r=ro. Therefore, 
1 n= oJ n=0 
— N (bn cos n9+a, sin n0) + — = Cit IC, cos n0 
To pa ro 
n=l n=l 


(19) 
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A comparison of these series, term by term, gives 
a, =0 


b,= 2 Ge 


n 


And from Equation (10), we already know that 


. 
- 
. E 


All the constants except bo are now known, and the 
equations for vector potential in Regions I and II are 


i ee 8 I rT. nd, 
R =bot+ ` L aid 
0 2" (5) [sin J cos nô 
n=l 


r 2 
+1(*) (20) 
— SI r y . no 
R"=b+ S 3) [ sin "a| cos 6 
2708 2 
ae Yoi NTO 
+2I [e (2)+] (21) 
2 


where 


To = 1.43 cm. 
I =1 abampere = total current in conductor 
0, = 0.222 radians 
ra= 1.27 cm. 
It is not necessary to know bo in order to plot the 
field. Make the calculation on the assumption that 
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bb =0. This will make Rı=0 when r=0. Later, be 
will be given the proper value to cause R, to be zero 
at the kernel. 

It is well known that curves of constant R are 
lines of force and that unit difference of R is one 
Maxwell. ® The field can be plotted, therefore, from 
the expressions for R' and R" in Equations (20) 
and (21). 

The arithmetical evaluation of R is interesting, and 
a part of this work is therefore included. A number 
of terms of the series are calculated for particular 
values of @ and r. Unfortunately, for the larger values 
of r, the series does not converge rapidly. Plotting 
the sum of the series against the number of terms n 
was found to be a convenient method of determining 
the value to which the series converged. Several of 
these plots are given in Fig. 21. It is most important 
that the convergence value of the series be determined 
accurately, because it is subtracted from the value 
(r/re)?, which, when r approaches fr, is of the same 
order of magnitude. Thus it is a case where small 
differences between the relatively large numbers have 
to be determined accurately. 

After having found the value of R for a sufficient 
number of points, 7 and 6, a set of curves was drawn 
of R against r, with 6 as a parameter. Also, a set of 
curves was drawn of R against 6, with r as a parameter. 
Examples of these curves are given in Fig. 22. With 
the help of these curves and parameters of r and 9, 
curves for constant values of R could easily be 
plotted as lines of force in the magnetic field. 

Neglect of the constant bo made the flux at the 
center of the figure zero and the flux at the kernel 
+0.77. As it was desired to have the flux at the 
kernel zero, the sign of Equations (20) and (21) 
was changed and a value of +0.77 assigned to the 
constant bo, in order to make the entire flux plot 
positive. 

The field plot in Fig. 19 is believed to be very 
accurate within the copper, but due to the slow 
convergence of the series it 1s not so accurate outside 
the copper in Region II. 


% * * x * * 
In connection with this article, reference may 
profitably be made to the paper by Th. Lehmann, 


appearing in the December, 1927, issue of the Journal 
of the ALEE. 


(To be continued) 
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Condensed references to some of the more important recent 
articles in the technical press, and to new books of interest to 
the industry, as selected by the General Electric Main Library. 


Arc Welding 
10-Ton Overhead Traveling Crane. 
Iron & St. Engr., Nov., 1927; v. 4, pp. 483-486. 
(On S arc welding processes applied in its construc- 
tion 


Brushes, Electric 


Carbon Brushes. T. A. Solberg. 
a Nav. Engrs. Jour., Nov., 1927; v. 39, pp. 636- 
57 


(On the ‘“‘physical properties of brush materials and 
the factors which affect their operation.’’) 


Carrier-Current Communication 
Carrier Current and Other Vacuum Tube pores for 
Central Stations. T. A. E. Belt and T. Johnson, Jr. 
W. Soc. Engrs. Jour., Oct., 1927; v. 32, pp. 330-337. 


Cascade Control 
Installation of a 2000-kw. Ilgner Converter Set with New- 
Type Slip Regulation. Seiz. 
Brown Boveri Rev., Nov., 1927; v. 14, pp. 318-319. 
(Describes an installation in a steel mill in Spain.) 


Circuit Breakers 


High-Voltage Oil-Circuit Breakers. Roy Wilkins and 
E. A. Crellin. 


Elec. Wid., Oct. 22, 1927; v. 90, ' pP. 833-835. 
(Their design and operating characteristics. Excerpts 
from a paper read before the A.I.E.E.) 


Coil Windings 
Design of Small Coil Windings. R. C. Woods. 
Elec’n., Oct. 28, 1927; v. 99, pp. 518-519. 
(“A rapid manufacturing method. ”) 


Corrosion 
Rubberization as a Protection Against Corrosion and Abra- 
sion. Roswell B. Daggett. 
Am. Soc. Nav. Engrs. Jour., Nov., 1927; v. 39, pp. 693- 
701. 
(Pertains chiefly to its use in marine work.) 


Current-Collecting Devices 
Collection of Current from Overhead Contact Wires. 
R. E. Wade and J. J. Linebaugh. 
A.I.E.E. Jour., Nov., 1927; v. 46, pp. 1229-1237. 
(An account of tests. Abridgment.) 


Detectors, Vacuum Tube 


Voltage Detection Coefficient. E. L. Chaffee. 
Inst. Radio Engrs. Proc., Nov., 1927; v. 15, pp. 946-957. 


Differential Equations 
Integraph Solution of Differential Equations. V. Bush 
and H. L. Hazen. 
Franklin Inst. Jour., Nov., 1927; v. 204, pp. 575-615. 
(On the construction and use of the integraph.) 


Electric Arc 
Electric Arc. K. T. a 
A.I.E.E. Jour., Nov., 1927; v. 46, pp. 1192-1200. 
(Includes a bibliography ‘of 44 entries, pp. 1199-1200. 
Abridgment.) 


Electric Cables—Testing 
Mechanism of Cable Failure. C. F. Hirshfeld and others. 
Elec. Wid., Nov. 12, 1927; v. 90. pp. 987-989. 
(Abstract of a paper presented before the Assoc. of 
Sree Illuminating Companies. An account of 
tests. 


Electric Conductors 
Factors that Should be Considered when Selecting Con- 
ductors for Power Circuits. J. Elmer Housley. 
Power, Oct. 25, 1927; v. 66, pp. 633-635. 


Electric Conductors 
Hollow Conductors and Their Evolution. August Fuchs. 
Engng. Prog., Oct., 1927; v. 8, pp. 257-261. 


Electric Current Rectifiers 
Cuprous-Oxide Rectifier for Alternating Current. 
Engng., Nov. 11, 1927; v. 124, pp. 615-616. 
(Also described in Elec. Rev., Nov. 11, 1927, pp. 
833-834.) 


Electric Drive—Steel Mills 
Power Wik One 3 in Steel Plant. 
Elec. Wid., Oct. 29, 1927; v. 90, pp. 877-882. 
(Describes electric drive equipment in the merchant 
mills of the Illinois Steel Co., at Gary, Ind.) 


Electric Heating, Industrial 


Benefits Obtained from Electric Heat-Treatment. 
Elec. Wld., Nov. 5, 1927; v. 90, pp. 927-934. 


Relative Economies of Electric and Fuel Fired Furnaces 
Compared. Carl L. Ipsen and Albert N. Otis. 
Elec. News. Oct. 15, 1927; v. 36, pp. 42-44. 


Selection and Ap lication of Small Electric Heating Appa- 
ratus. Aei Fleischmann. 
Ind. Man., Oct., 1927; v. 74, pp. 237-242. 


Electric Lamps, Incandescent 
Mechanical Strength of Metal-Filament Electric Lamps. 
F. Murgatroyd. 
_ Engng., Nov. 4, 1927; v. 124, pp. 593-595. 
(A paper read before the British Assoc. ) 


Electric Motors, Induction 


New Types of Squirrel Cage Motors. R. H. Bacon. 
Power, Nov. 8, 1927; v. 66, pp. 702-704. 


Recent Improvement in Large Induction Motors. D. F. 
Alexander. 
A.I.E.E. Jour., Nov., 1927; v. 46, pp. 1167-1175. 
Tis a list of ‘twelve bibliographic references, p. 
1175 


Electric Motors, Railroad 
Special Requirements of Motor for Mine Locomotives. 


. Atwell. 
Elec. Jour., Nov., 1927; v. 24, pp. 539-542. 


Electric Signs 
World Events From Flashing Sign. 
Sci. Am., Nov., 1927; v. 137, p. 401. 
(A brief article, with illustrations, on the ‘‘talking 
sign” which operates through the medium of a per- 
forated paper tape.) 


Electric Transformers 
Characteristics Govern Transformer Choice. David R. 


Dalzell. 
Ind. Engng., Nov., 1927; v. 85, pp. 513-516. 


Instability in Transformer Banks. King E. Gould. 
A.J.E.E. Jour., Nov., 1927; v. 46, pp. 1160-1166. 


Electric Transformers, Instrument Type 


Instrument Transformers. 
English Elec. Jour., Sept., 1927; v. 4, pp. 22-30. 


Electric Transmission Lines 
Recent Investigation of Transmission Line Operation. 
. Hemstreet. 
A.LE.E. Jour., Nov., 1927; v. 46, pp. 1221-1229. 
(An account of operating experiences on a 140,000- 
volt lineof the Consumers Power Co., Jackson, Mich. ) 


LIBRARY 


Electric Transmission Lines—Towers 
Load Tests Check Tower Design. R. W. Wilbraham. 
Elec. Wld., Nov. 12, 1927; v. 90, pp. 979-981. 

(An account of tests on a transmission line tower, for 
the Conowingo hydroelectric development, which 
was loaded to failure.) 

Steel Tower Design. H. C. Sutton. 
Elec. Lt. & Pr., Nov., 1927; v. 5, pp. 24-26, 83-85. 

(‘Features of the 132-kv. Barbadoes-Cromby Line.’’) 


Tests of Hinged Crossarms. 
Elec. Wid., Nov. 5, 1927; v. 90, pp. 937-940. 


Electrical. Machinery— Mechanical Stresses 
Two Cases of Calculation of Mechanical Forces in Electric 


Circuits. H. B. Dwight. 
A.I.E.E. Jour., Nov., 1927; v. 46, pp. 1238-1240. 


Electricity—Applications—Agriculture 
Coéperation Between the Agricultural and Electrical In- 
dustries. J. S. Wise, Jr. 
N. E. L. A. Bul., Nov., 1927; v. 14, pp. 676-680. 
(An address before the National Assoc. of Railroad 
and Utility Commissioners.) 


Electricity—Applications—Petroleum 


Electricity as Applied to the Petroleum Industry. B. K. 
Howard. 
A.I.E.E. Jour., Nov., 1927; v. 46, pp. 1206-1208. 


Electromagnetic Theory 


Electromagnetic Waves Guided by Parallel Wires with 
Particular Reference to the Effect of the Earth. 
S. A. Levin. 
A.I.E.E. Jour., Nov., 1927; v. 46, pp. 1263-1268. 
(A theoretical paper with bibliography, p. 1268.) 


Electrometallurgy 


Electrolytic Zinc Production. 
Elec. Wid., Oct. 22, 1927; v. 90, pp. 837-840. 
(An account of the Anaconda Copper Mining Co. plant 
at Great Falls, Mont.) 


Fuses 


Measuring Time Lag on Sub-Station Fuses. J. W. Dun- 
field and L. D. Mahoney. 
Elec. News, Nov. 1, 1927; v. 36; pp. 31-34. 


Hydroelectric Development 


Conowingo Hydro-Electric Development on the Susque- 
hanna River. Alexander Wilson. 
A.S.C.E. Proc., Nov., 1927; v. 53, pp. 2295-2319. 
(A development of the Susquehanna Power Co. near 
Conowingo, Md.) 
Re-Designing Catawba Station for Service on a Large 
Transmission System. W. S. Lee. 
A.S.C.E. Proc., Nov., 1927; v. 53, pp. 2245-2262. 
(Pertains to a station of the Duke Power System, near 
Rock Hill, S. C.) 


Water Pumped into Reservoirs for European Plants. 
Oren Reed. 
Engng. News-Rec., Nov. 3, 1927; v. 99, pp. 722-723. 
(A condensed account of the schemes used for water 
storage in several European hydroelectric installa- 
tions.) 


Hydroelectric Plants, Automatic 
Automatic Hydro Holds Lake Level. 
Elec. Wid., Nov. 5, 1927; v. 90, pp. 948-949. 
(Short account of the Lake Lure plant of the Carolina 
Mountains Power Co., near Chimney Rock, N. C.) 


Insulators— Testing 


Testing of High-Tension Insulators on Overhead Lines 
while Under Tension. 
Engng. Prog., Nov., 1927; v. 8, pp. 301-302. 


Lightning . 
Electrostatics of the Thunderstorm. A. W. Simon. 
Franklin Inst. Jour., Nov., 1927; v. 204, pp. 617-647. 


Lightning Protection 
Lightning Protection for Oil Reservoirs. J. T. Lusignan, Jr. 
Elec. Wid., Oct. 15, 1927; v. 90, pp. 775-779. 
(Reference is made to the works of earlier investigators 
of the problem, and various protective schemes are 
described.) 
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Machinery—Inspection 
Procedure in Starting Up a New Generator. Marin 
Phillips. 
Power Pl. Engng., Oct. 15, 1927; v. 31, pp. 1089-1091. 
(Part I of a serial article. This installment considers 
mechanical and electrical inspection previous to 
starting up. The next installment is to cover drying 
out of windings.) 


Magnetic Field 


Practical Application of Graphical Flux Mapping. J. F. 
Calvert. 
Elec. Jour., Nov., 1927; v. 24, pp. 543-547. 
(An account of experiments on a turbine-generator.) 


Measuring Instruments 


Instrument for Measuring Short-Circuit Torque. G. W. 
Penney. 
A.I.E.E. Jour., Nov., 1927; v. 46, pp. 1151-1159. 


Oscillators, Vacuum Tube 


Short Wave Limit of Vacuum Tube Oscillators. C. R. 
Englund. 
Inst. Radio Engrs. Proc., Nov., 1927; v. 15, pp. 914-927. 
(Includes a bibilography of 29 entries, pp. 926-927.) 


Phase Advancers 


Shunt-Wound Phase Advancer. W. Seiz. 
Brown Boveri Rev., Nov., 1927; v. 14, pp. 305-308. 


Pipes and Piping 
High Pressure Piping Causes Little Trouble. 
Power PI. Engng., Nov. 1, 1927; v. 31, pp. 1130-1132. 


Power Factor 
Power Factor Improvement. D. J. Bolton. 
Wld. Power, Nov., 1927; v. 8, pp. 226-233. 
(Considers the economic phases of the subject. Serial.) 


Power Plants, Electric 
Auxiliary Power at Richmond Station; Auxiliary Power 
System and Tests on House Turbine Generator. 
J. W. Anderson and A. C. Monteith. 
A.I.E.E. Jour., Nov., 1927; v. 46, pp. 1176-1184. 
(Pertains to a plant of the Philadelphia Electric Co. 
Particularly concerned with the full-voltage starting 
of large motors.) 
Pulverized Fuel Plants, Their Application in Electric Power 
Stations. Leonard C. Harvey. 
Wid. Power, Nov., 1927; v. 8, pp. 262-270. 


Protective Apparatus 


Protection from Overvoltage Due to Voltage Regulators. 
i Ashbaugh. 
Elec. Jour., Nov., 1927; v. 24, pp. 551-553. 


Ratio-Differential Relay Protection. H. P. Sleeper. 
Elec. Wid., Oct. 22, 1927; v. 90, pp. 827-831. 
Radio Broadcasting 


Broadcasting Over Wires. George O. Squier. 
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Direct-Current Reactors. A. M. Wiggins. 
Elec. Jour., Nov., 1927; v. 24, pp. 563-565. 
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Relays 
Directional Ground Relay Protection of High-Tension 
Isolated Neutral Systems. J. V. Breisky and others. 
A.LE.E. Jour., Nov., 1927; v. 46, pp. 1184-1192. 
(Abridgment.) 


Types and Functions of Overload Relays. H. D. James. 
Ind. Engng., Nov., 1927; v. 85, pp. 527-531. 


Short Circuits 


Calculating Short Circuit Current Values. E. McCormack. 
Power Pl. Engng., Nov. 1, 1927; v. 31, pp. 1143-1146. 
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Signalling Systems in Modern Power Stations. H. Puppi- 
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Steam Turbines 


Calculating Extraction Turbine Performance. K. S. 
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Tests of a 11,000-Kw. Zoelly Steam Turbine. 
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(Short account of test results obtained by Prof. 
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Serving Large Power Blocks with 24-Kv. Feeders. Wellen 
H. Colburn. 
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(A description of recent substation enlargements of the 
Edison Elec. Ill. Co. of Boston.) 
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Substations, Automatic 
Another Automatic Substation on the Pacific Electric. 
Elec. Rwy. Jour., Nov. 5, 1927; v. 70, pp. 863-864. 
(Describes the San Gabriel automatic substation of the 
Pacific Electric Railway.) 


Switches and Switchgear, Automatic 
Development of Automatic Switching Equipments in the 
United States and Europe. A. H. de Goede. 
A.I.E.E. Jour., Nov., 1927; v. 46, pp. 1209-1214. 


Television 


Radio Vision. C. Francis Jenkins. 
Inst. Radio Engrs. Proc., Nov., 1927; v. 15, pp. 958- 964. 


Television. F. K. D'Alton. 
Bul. of Hyd. Pr. Comm. of Ont., Oct., 1927; v. 14, pp. 393- 
400. 
(On the principles involved in its accomplishment.) 


Turbine-Generators 
Efficiency Guarantees and Determination of Efficiency of 


Oerlikon Turbo-Generators. 
Bul. Oerlikon, Oct., 1927; pp. 313-315. 


High-Speed Mabo Generators. William Sharp. 
Elec'n., Oct. 28, 1927; v. 99, pp. 524-525. 
(Short article on recent design features.) 


Vacuum Tubes 


New Uses for Valves. A. Dinsdale. 
Wireless Wld., Nov. 9, 1927; v. 21, pp. 643-645. 
(‘‘Now employed in power stations to control a-c. and 
d-c. generators.’’) 
Screened Valve in L. F. Circuits. N. W. McLachlan. 
Wireless Wld., Oct. 19, 1927; v. 21, pp. 536-538. 
(Serial. ) 


Voltage Regulators 


Thermionic-Valve Type Close Voltage Regulator. F. C. 
Turner. 
Engng., Oct. 21, 1927; v. 124, pp. 537-538. 
(A paper read before the British Assoc.) 
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Power Pl, Engng., Oct. 15, 1927; v. 31, pp. 1086-1088. 
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Alternating-Current Machinery; a Text-Book on the Theory 
and Performance of Generators and Motors. Richard E. 
Brown. 247 pp., 1927, N. Y., John Wiley & Sons, Inc. 

(“The purpose of this book is to provide a text-book 
on the principles of alternating-current machinery 
which thoroughly treats the subject and which may 
at the same time be adapted to almost any type of 
course. It is best suited for students who already 
have a good training on the principles of alternating- 
current circuits. Throughout the book emphasis has 
been placed on the analysis of the performance of 
the machines. Lengthy descriptions of the construction 
of machines have been avoided.” General alternating- 
current theory, transformers, alternators, synchronous 
motors, synchronous converters, mercury vapor and 
other types of rectifiers, single-phase and polyphase 
motors, parallel operation, unbalanced polyphase 
loads, and measuring instruments are all treated from 
the theoretical and operating standpoints. Problems 
are provided at the end of nearly every chapter, and 
a special chapter of machinery laboratory problems is 
included.) 


Boiler Feed Water Purification. Sheppard T. Powell. 363 pp., 
1927, N. Y., McGraw-Hill Book Co., Inc. 


Elements of Telephone Transmission. H. H. Harrison. 147 
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1927, N. Y., D. Van Nostrand Co. 

(We are informed by the author that ‘‘this discussion is 
intended to provide telegraph and telephone engineers 
with some necessary information to enable them to 
follow the original writings of leading investigators, 
and also with the means of solving for themselves 
practical problems in connection with the subject.” 
To this end he has provided a mathematical introduc- 
tion the purpose of which is to help the reader acquire 
a working knowledge of the mathematical processes in- 
volved. He has simplified the theory as much as pos- 
sible, and has presented illustrative examples of the 
more essential calculations. After his ‘‘Mathematical 
Introduction,” Prof. Fleming continues with chapters 
on propagation of electromagnetic waves along wires, 
telephone and submarine cables and the propagation of 
currents along them, transmission of high-frequency 
and low-frequency currents, electrical measurements 
and determination of constants of cables, cable calcu- 
lations, loaded cables, and recent advances in tele- 
phone and telegraph line construction.) 
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THE WHY, WHERE, AND HOW OF DIRECT-CURRENT UNITS 


Mark Twain once said: ‘‘Everybody talks about the 
weather but nobody does anything about it.” The 
reverse is very nearly true of direct-current applica- 
tions for they are seldom discussed but are very 
much used. 

Prof. Elihu Thomson reveals in this issue how 
great has been the advance in direct-current design; 
and we are prompted to look into present-day ap- 
plications to learn why, where, and how direct-current 
units are being used. 

Disregarding their almost exclusive use in traction 
work, we find that direct-current motors deliver 31 
per cent of the electric power in industry and by 
number constitute 36 per cent of all motors in service. 
The limited areas where direct-current distribution 
prevails account for only a small fraction of these ap- 
plications. Most of them are found in the presence of 
alternating-current power supply; and the extra 
fixed charges and operating costs involved in making 
the transition, or in first-hand generation, indicate 
that there must be some very good reasons for the 
practice. There are; and ‘‘adjustable speed” is by 
no means the principal one, although it is the one 
most often mentioned. 

Direct current is required for battery charging, for 
electrolytic work, and for the excitation of the fields 
of many a-c. and d-c. machines. These uses account 
for great numbers of direct-current generators in the 
smaller sizes. That wonderfully flexible system of 
control known as ‘‘generator-voltage control’’ or 
‘‘Ward-Leonard control’’ inherently requires a gen- 
erator for each motor, or for each group of motors 
that operates as a fleet. One big motor, that comes to 
mind, is waited upon by a retinue of two major gen- 
erators, a lesser generator, three exciters, and two litt e 
pages or messenger generators. These generator-voltage 
control applications employ many generators some 
of which run into large sizes. 

Process steam requirements, at one or more re- 
duced pressures, have caused the introduction of the 
steam turbine from which reduced-pressure steam 
is taken from the stages or from the exhaust, or both. 
The turbine drives a generator which furnishes power 
to the motors driving the process machinery. In 
many cases this is a d-c. system within an industry 
which is mainly operated on an a-c. power supply. 

Direct-current motors are preferred for some ap- 
plications and are practically indispensable for others, 
because of certain characteristics peculiar to them. 
Base speeds are not limited to synchronous zones 
and they may be made constant, adjustable, varying, 
or adjustable-varying by choice. The control devices 
handle only small currents for speed adjustments or 
reversals. Stable speeds from zero to maximum in 
either rotation are easily obtained and controlled by 
the generator-voltage control system. 

Dynamic braking is effective even at very low 
speeds, thus reducing friction braking to practically 
a holding function only. Starting and accelerating 
torques of high values are available with compara- 


tively small energy demands because speeds may be 
inherently tempered to compensate for the high 
torques. 

Commutation, the one-time bugbear of direct- 
current design, has been so thoroughly mastered that 
it 1s no longer an important factor in the equations 
leading to a choice between a-c. and d-c. power. 

Direct current is used extensively in the iron and 
steel industry for both major and minor operations. 
It is indispensable in the making of paper. Machine 
tools which enter into hundreds of industries are 
largely equipped with direct-current motors. High- 
speed passenger elevators as well as the slowest 
heavy-duty freight elevators are usually operated 
by direct current though the primary supply is usu- 
ally alternating current. Power shovels of the large 
sizes rely on the “iron hand in the velvet glove” 
qualities of generator-voltage control to perform 
operations that would otherwise tear them to pieces. 
Mining requires direct current for cutting, hauling, 
and hoisting. Material handling operations through- 
out the whole industrial field consistently employ 
this flexible power medium. Feed mechanisms for all 
kinds of materials take advantage of the adjustable- 
speed direct-current motor. 

How d-c. motors are used would require pages to 
tell and only a few examples can be cited here. A car 
dumper that hoists and upsets 120-ton carloads of 
coal every 40 sec. uses generator-voltage-controlled 
motors on the cradle hoist, on the ‘‘mule’’ that delivers 
the cars, and on the apron that guides the coal into 
the ship; yet no excessive load peaks can break 
through to the a-c. supply lines. A 1000-hp. mine- 
hoist motor, subject to 1800-hp. peaks, works on a 
fast cycle yet the a-c. motor driving the generator 
takes 600 kw. from the line as steadily as though it 
were driving a fan. 

The paper machine, a line of ten disconnected units, 
makes ‘‘news’’ 25 ft. wide at the rate of 1200 ft. per 
min. Each section is driven by a d-c. motor. The ten 
motors are speed-adjustable as a fleet by a single 
rheostat. Each can be dropped to a stable low speed 
for the servicing of its section. Each section runs at an 
independently micro-adjustable speed slightly faster 
than the preceding section. The paper must not 
break. 

The giant reversing blooming-mill motor with its 
retinue previously mentioned is regularly fed with 
white-hot steel ingots the size of office tables. Its 
speed from zero to 80 turns per minute, its reversals 
as rapid as one every three seconds, and its torque 
up to 2,400,000 Ib. are controlled by the manipulation 
of comparatively microscopic currents. The bumps 
incident to reducing ingots of steel to long slender 
blooms hardly cause a ripple in the a-c. supply 
system. 

The one-time general impression that a-c. supplv 
required a-c. motors has faded away and most of 
the fading has taken place in very recent years. 

R. H. ROGERS 
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A Review of the Development of Direct- 
current Motor Design 


By PROF. ELIHU THOMSON 
Director, Thomson Research Laboratory, General Electric Company 


HEN reviewing the developments that have 
W brought direct-current motors into exist- 
ence as we know them, all those crude early 
efforts to obtain power from the currents yielded by 
voltaic batteries may be neglected. We may also 
exclude motors whose power depended on the inter- 
mittent pulls of iron armatures to- 
ward magnet poles, the magnetic 
drawing of cores into solenoids, and 
the successive exertions of force on 
iron plates or armatures mounted 
on wheels for rotation by electro- 
magnets whose circuits were closed 
and opened by a breakpiece or cam 
on the shaft. 

Not indeed until the development 
of machines of the Gramme dynamo 
type, and its modification, the Sie- 
mens type—both inherently fore- 
shadowed in the middle sixties of 
the past century by Paccinotti— 
did we have the basis for a real elec- 
tric motive power development. In 
the early seventies it was not un- 
usual to find references to the 
reversal of dynamos, such as the Gramme, and their 
use as motors. It began to be recognized that a 
well-organized dynamo-electric machine would make 
a good motor if supplied with such a current as it 
would produce when driven as a generator. This 
dual characteristic was exemplified at the 1876 Phil- 
adelphia Centennial Exhibition where a Gramme 
dynamo driven by power was connected to a similar 
machine receiving current and running as a motor. 
This dynamo motor was first connected to a cen- 
trifugal pump which raised water a few feet. The 
water then flowing over a dam gave the appearance 
of a small waterfall. No other exhibit in Machinery 
Hall was more impressive. This application took 
place long before the appearance of the first incan- 
descent lamp, and was contemporaneous with the 
first announcement and exhibition of the then new, 
speaking telephone of Alexander Graham Bell. 

In those early days there was much to learn re- 
garding the proper proportioning and relationship of 
windings in the construction of dynamos, and neces- 
sarily much more as to the factors which must enter 
into the construction of a satisfactory direct-current 
motor; e.g., the endeavor to reduce “idle wire.” This 
attempt led to elongated cores and small armature 
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diameters in both dynamos and motors. The bugbear 
of idle wire as found in the Gramme and similar ma- 
chines was corrected through improvements in design 
made by the writer and others. Another superstition 
of that time influenced existent design; viz., that long 
rather than short magnet cores should be used. Long 
magnet cores were supposed to pro- 
ject the lines of force through the 
armature, which the shorter magnet 
cores would fail to do. We early rec- 
ognized that after all it was a ques- 
tion of ampere-turns, and that if 
these turns were allowed to exert 
their full effect on the armature 
core there would be no need for any 
special length in a field magnet core. 

In the early years, or those 
around 1878-80, there was very little 
demand for electric motors. There 
were no lines to which they could 
be connected. Consequently, the 
electrical engineer of the time de- 
voted his efforts to dynamo-gener- 
ators, feeding arc lamps as the sole 
system of distribution. Not until 
1880 was there any promise of extension in incandes- 
cent lighting. This broadening of the field came 
through the invention by Edison of his high-resistance 
carbon-filament lamp in October, 1879. With the 
gradual development of electric stations, generating 
direct current in large centers, a field was opened for 
direct-current motors to replace small steam or gas 
engines economically. 

When the factory of the American Electric Com- 
pany was established in New Britain, Conn., in 1880, 
this plant furnished one of the earliest examples of 
transmission to and operation of an electric motor of 
several horsepower. The available space for a pattern 
shop was too far away from the main engine to allow 
power transmission by shafting and belting. In this 
case, a T-H dynamo was placed near the main shaft 
and belted to it; two wires from the dynamo were led 
to the pattern room where they were connected to a 
second dynamo which, however, took current as a 
motor and was belted to the woodworking lathes, 
saws, etc., of the pattern room. Novel appliances were 
added for changing power and speed. This drive 
proved to be very satisfactory for the woodworkers 
and was continued in use while the plant was oper- 
ated, or until the Works were removed late in 1883 
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to Factory A of the West Lynn Plant of the Thomson- 
Houston Electric Co. 

Outside of a few small motors for use on series lines 
operating arc lamps, there was still little demand for 
electric motors until about 1885. A few appeared as 
exhibits in the Franklin Institute Electrical Exhibition 
in Philadelphia in the Fall of 1884. The great con- 
venience and effectiveness of direct-current motors, 
especially for isolated printing-plant machines, wood- 
working, pumping, and similar drives, resulted in a 
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Fig. 3. Typical Two-pole Riveted-frame General-purpose 
Direct-current Motor of Size Ranging from 1⁄4 to 3 hp. 


considerable and increasing demand for central gen- 
erating stations to furnish the driving current. 

Improvements in design took place rapidly; com- 
posite carbon brushes replaced copper wire or gauze, 
thereby reducing commutator and brush wear to a 
minimum. Fortunately, the problem of securing good 
commutation was more easily solved for motors than 
for generators, because the reactions which in gener- 
ators are additive, are differential or compensatory 
in motors. As a later development, the so-called com- 
mutating field pole was made available in dynamo 
construction, including, of course, in such designation, 
direct-current motors. 

Beginning about 1887, sturdily constructed direct- 
current motors were first applied to electric traction, 
diverting the skill of the best designing engineers to 
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machinery demanding mechanical perfection, robust- 
ness, reliability in electrical qualities, good insulation, 
and other properties to meet the harsh conditions of 
use under street cars. 

The wonderful flexibility of a well-built direct- 
current motor is probably not equalled by any other 
device producing power. As its running speed depends 
on the development of a counter e.m.f., speed varia- 
tions within fairly wide limits can be obtained by 
simple modification of the effective magnetizing 
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Fig. 2. Siemens Dynamo, Horizontal Pattern 


Fig. 4. Typical Four-pole Cast-magnet-frame General-purpose 
Direct-current Motor of Size Ranging from 3 to 200 hp. 


ampere-turns of the field magnets. The load can be 
widely varied under any given speed, for the speed is 
self-regulating within a small per cent even though 
the load vary from nil up to full or the reverse. Also, 
starting under normal or heavy load is accomplished 
easily and promptly by using resistance in the arma- 
ture circuit, this resistance being cut out when the 
motor reaches full speed. The efficiency factor in a 
well-designed direct-current motor, even of relatively 
small output, leaves practically nothing to be desired; 
while reliability in operation depends on the excellen- 
cies of.mechanical and electrical design coupled with 
good workmanship. Change of direction of rotation 
can, in like manner, be attained by the simple reversal 
of current in either the armature or the field circuit, 
practically no other adjustment being required. 
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This ease of reversal and very close regulation of 
speed control assures an indefinite continuance of 
demand for direct-current motors and, in fact, com- 
pels their adoption and use for driving many of the 
automatic and special machines now so largely re- 
quired in mass and repetition manufacture. 

As an indication of the satisfaction that has at- 
tended the use of direct-current motors, there are to- 
day great numbers of such machines in operation 
which were placed in service 20 or 30 years ago, and 
which may reasonably be expected to continue in 
satisfactory operation for years to come. 

Briefly traced, we have seen the direct-current 
motor, progenitor of all the commercially practicable 
types, first appear as a crude conversion of the 
Gramme or Siemens dynamos. 

Slowly improved to secure the proper proportion- 
ing and relationship of windings, these ‘trial and 
error” initial methods employed were the necessary 
precursors of a technique which, step by step, has 
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made dynamo-electric design and construction an 
exact science. We now reach culmination in the mod- 
ern direct-current industrial motor with its detailed 


‘ wealth of mechanical and electrical features. 


Carefully proportioned main and commutating 
poles and stabilizing windings permit close speed 
regulation. Refinements of commutator, brush rig- 
ging, and other essentials insure practically complete 
freedom from commutation troubles. 

Bearings, for years a source of recurrent trouble, 
have as a result of refined accuracy secured through 
modern design, manufacture, and assembly, become 
available in sleeve, ball, and roller types with a degree 
of trustworthiness beyond cavil. 

In summary, the arrangement and distribution of 
all active and inactive materials embodied in the 
latest direct-current motors provide a combination 
of strength, compactness, attractive appearance, 
stability, and efficiency guaranteeing permanent satis- 
faction under stress of hard and continuous service. 


Professor Thomson Honored 


Prof. Elihu Thomson, director of the Thomson 
Research Laboratory of the General Electric Com- 
pany, has been named a member of the American 
Committee of the World Congress of Engineers to be 
held in Tokyo (Japan) in November, 1929. The 
appointment was made by Herbert Hoover, Secretary 
of Commence. 

This is the first congress of its kind ever held and 
according to Baron K. Furuichi, President of the 


Engineering Society of Japan, is for the purpose of 
promoting international coöperation in the study of 
engineering in all its branches and in stimulating a 
sense of brotherhood among the engineers of the 
world. 

Among the other well-known members of the Amer- 
ican Committee appointed by Secretary Hoover are 
Thomas A. Edison, John Hays Hammond, Charles M. 
Schwab, and Orville Wright. 


Electric Heaters Prevent Freezing Troubles in Compressed-air 
Application in Cascade Tunnel 


In connection with the construction of the new 
Cascade Tunnel, seven and three-fourths miles long, 
and two shorter tunnels for the Great Northern Rail- 
way Company, A. Guthrie & Company, of St. Paul 
(Minn.), has demonstrated the versatility of electric 
heating equipment ina unique manner. This consists 
in applying water immersion heaters to the preheat- 
ing of air employed to operate an air-driven shovel. 

The heating units, which were of General Electric 
manufacture, are used to preheat the compressed air 
that operates a No. 40 Marion shovel employed in 
tunnel excavation work. This shovel is of the ordinary 
steam engine-driven type, from which the boilers 
have been removed and replaced by a large air 
receiver. 

Much engine trouble was experienced as a result 
of the freezing of the moisture in the air on expansion, 
to avoid which it was found necessary to heat the air. 

The receiver on the shovel is four feet in diameter 
by seven and one-half feet high. Water immersion 


heaters of helical type were chosen because such units 
are easily installed. To prevent the units from burn- 
ing out in the air receiver it was necessary to use two 
220-volt units in series, on a 220-volt circuit. Nine 
of these groups were placed in multiple, 18 units thus 
being employed. 

When the shovel is operating, sufficient air passes 
through the receiver to keep the heating units from 
burning out. To prevent overheating the air, and to 
guard against damaging the units, an indicating ther- 
mometer is placed where the shovel operator can 
readily note the temperature of the air. When this 
temperature rises above 300 deg. F., the operator 
shuts off the heaters. Although a higher temperature 
might not burn them out, it might occasion other 
difficulties, as, for example, those arising from a 
breakdown of the lubricating oil. 

A large share of the heat energy placed in the air 
is regained through the expansion cycle of the engine 
on the shovel. 
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Load Ratio Control 


PART I 


Method Employed in Voltage Control—Principle of Operation of Various Types of Load 
Ratio Control—Possible Reduction in Reactor Capacity and Losses—Symmetrical, 
Unsymmertrical, and Bridging Connections—Special Considerations 


By L. F. BLUME 


Assistant Engineer, General Transformer Engineering Department 
Pitteield Works, General Electric Company 


progress of applied science 

or engineering that an inven- 
tion does not find a positive field 
of application until many years 
after its original development. 
This long delay may not be due 
so much to the undeveloped state 
of the invention, as to the fact 
that the field in which it eventu- 
ally will be used successfully has 
not yet been established. Of this 
the present subject is a very good 
illustration. Many years ago, the 
inherent weakness of constant- 
potential electric lines in general, 
and transformers in particular, to the effect that 
voltage could not be maintained constant at all 
points if the load varied through a wide range, was 
clearly recognized, and various steps were taken to 
overcome or neutralize this inherent defect. 

The problem was approached by three different 
methods. First, serious attempts were made to over- 
come the regulation drop inherent not only in the 
transformer, but also in the line by designing the 
transformer so that the secondary voltage would 
actually increase in value with increasing loads. 

Some very ingenious schemes were suggested, such 
as connecting two transformers having different ratios 
in series in both primary and secondary sides. By 
properly choosing the magnetizing characteristics of 
the two transformers, the combination can be made to 
give inherently rising voltage characteristics with 
increasing loads. 

Ingenious as this scheme was, it had many practical 
limitations which caused it to be abandoned. As it 
had rising voltage characteristics only at high power- 
factors, it could not be made to compensate correctlv 
for variations in applied voltages; and it had other 
serious limitations. 

The second method attempted was to change the 
ratio of transformation by mechanical means, by 
providing the transformer with a number of taps and 
a suitable switching device so that, at the will of the 
operator, the voltage ratio could be varied. Many 
vears ago, a considerable number of these outfits 
were built and put into successful operation, and the 
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At a jnint meeting of the Elec- 
trical Section of the Western 
Society of Engineers and the 
Chicago Section of the A.I.E.E. 
the author presented the material 
contained in this article, which will 


be published in the REVIEW în two 


The present anstallment 
deals with the general principles 
of load ratio control; a later one 
will treat of its fields of applica- 


principle upon which they were 
based is quite similar to that em- 
bodied in what are now being built 
and known as transformer ratio 
control or tap-changing equip- 
ments (Figs. 1 and 2). 

However, the induction regu- 
lator was being developed at the 
same time, as the third method 
of obtaining voltage control; and 
for many years, the induction 
regulator has very successfully 
dominated the field. It is, there- 
fore, a pertinent question to ask 
for the reasons that have caused 
the present rapid development of 
transformer ratio control equipments. The following 
two facts, if taken together, seem quite sufficient to 
account for the growing demand for them. 

In the first place, the kv-a. capacity concentrated 
in central stations, and the kv-a. of individual trans- 
former banks has been steadily increasing from year 
to year, and these stations are being more and 
more connected into networks. With this naturally 
has come about an increasing demand for voltage 
control devices in larger units than heretofore, and at 
higher voltages. The second fact is found in the 
comparison of the cost curves of induction regulators 
and ratio control equipments, plotted as a function 
of the kv-a. ratings, which shows that the induction 
regulator is the less expensive for the smaller ratings 
and for moderate voltages; whereas for the larger 
transformer ratings, and especially for higher voltages, 
ratio control equipments are proving to be consider- 
ablyless expensive. Thus, the present return of thetap- 
changing method has been largely brought about by 
the development of a field of application in which it is 
proving to be the most economical, and at the same 
time the most efficient, solution for voltage control. 

The principle of operation underlying transformer 
ratio control should first be examined, so that the 
various types can be compared as to electrical per- 
formance. It is quite possible, by employing two 
transformers operating in parallel on a given line, to 
shift from tap to tap without dropping the load, if the 
operating handles of the ratio adjusters are brought 
out of the tanks, and so located that they may be 
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operated with excitation on the transformers. The 
diagram in Fig. 3 represents two transformers con- 
nected in parallel on both high- and low-voltage sides; 
and each transformer is provided with ratio adjusters. 
A tap change can be made without dropping the 
load by first opening circuit breaker A, which shifts 
the load from transformer A but does not remove the 


Fig. 1. External View of a Load Ratio 


Control Transformer 
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Fig. 2. Load Ratio Control Transformer Removed from Tank 
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excitation since the high-voltage side is still connected 
to the line. The ratio adjuster in transformer A can 
now be moved to the next position, after which circuit 
breaker A is again closed. The two transformers are 
now operating, with unequal ratios, in parallel; and a 
circulating current as indicated by the arrows flows 
between them. Next, circuit breaker B is opened so 
as to permit the ratio adjuster in transformer B to be 
shifted to the adjacent position. Circuit breaker B is 
then closed and the two transformers are again operat- 
ing under normal conditions, but with a changed ratio. 

Examining more closely what happens during this 
process, it is important to note that when one of the 
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Ratio 
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Fig. 3. Elementary Scheme of Connections for Voltage Adjustment 
by the Use of Two Parallel Transformers Having Suitable 
Means for Changing Tape 


circuit breakers is open, the voltage which exists 
across the open breaker is not the line voltage, but a 
very small fraction of it, owing to the fact that the 
disconnected transformer receives excitation from the 
high-voltage side. Thus the voltage which the breakers 
are obliged to open is equal to that arising from the 
difference in the ratio of transformation of the two 
transformers, plus the impedance drop which exists 
in the loaded one. 

Aside from the inconvenience of operation in this 
manner, and the liability of the operator to make 
serious mistakes, this method of tap changing 1s 
undesirable, because the doubling of the load on one 
winding doubles the impedancedrop, sothat, during the 
switching period, the increase in impedance results in 
an undesirable fluctuation in secondary voltage. Thus, 
with 10 per cent transformer reactance, at full load 
the reactance drop is increased to 20 per cent which 
is almost five times the voltage between adjacent taps. 

By designing one transformer with a multiple cir- 
cuit, and connecting it as shown in Fig. 7, these 
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various difficulties are readily overcome. The react- 
ance between the multiple paths can now be controlled 
independently of the main transformer reactance, 
and it can be made small enough to prevent objection- 
able fluctuations in voltage during the process of 
switching, and large enough to prevent excessive 
circulating current. 

When transformer ratings are such that a multiple 
circuit can be provided without additional expense, 
this arrangement is very desirable, since it does not 
involve additional kv-a. capacity of apparatus. This 
scheme, however, possesses two inherent objections: 


Fig. 4. Ratio Adjusters Used on Load Ratio Control Transformers. 
Three-phase at left; single-phase at right 


First, during the process of switching, momentary 
full load is thrown on one-half of the transformer 
winding and, in the very remote possibility of the 
operating motor failing to complete its cycle, this load 
may be present for a sufficient time to seriously 
overheat the windings. To provide against this 
contingency, means either to design the windings 
with an appreciably greater copper cross-section (and 
this cannot be done without increase in size and cost) 
or, resorting to a less expensive method, to provide 
circuits which warn the operator of the stopping of 
the motor in a non-operating position. The second 
limitation of the circuit is that in some ratings, the 
transformer design does not lend itself so readily to a 
multiple circuit without appreciable increase in cost. 
These practical considerations make it desirable to 
depart in many cases from the simple arrangement 
shown in Fig. 7, by placing only a small portion of the 
circuit in multiple, as shown in Fig. 8. Here, the 
multiple circuit consists of only the ratio adjusters 
and circuit breakers, and an auxiliary reactance is 
employed to limit the circulating current. Here, also, 
nine taps are used to derive nine operating voltages. 
Whether this or the circuit shown in the Fig. 7 should 
be used depends largely upon design considerations: 
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and the choice should, for the most part, be deter- 
mined by whether the multiple circuit with extra taps 
and leads costs more than the current-limiting reactor. 

It will be well at this point to examine in greater 
detail the condition that the current-limiting reactor 
must meet during the tap change. In the operating 
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Fig. 5. Close-up View of Intermittent Gear Used to Drive Load 
Ratio Control Equipment. Single-phase application 


position, both sides of the reactor being connected 
symmetrically to the same tap, the only voltage which 
appears across it 1s due to the leakage reactance 
between the reactor halves, and this may be made 
negligible by interlacing. The load current divides 
equally between the two halves. 


Fig. 6. Driving Mechanism for a Transformer Load Ratio 
Control. Direct-current Drive 


In the process of switching from one tap to the 
next, there are two unsymmetrical positions: the 
first, in which one ratio adjuster only is connected; 
the second,in which both ratio adjusters are connected, 
but on adjacent taps. In Fig. 9, a close-up of all three 
positions are shown; diagram (a) being the operating 
position with the load current dividing equally in the 
two reactor halves; diagram (b) with connection 
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through reactor to one tap only, in which case the 
full load current flows through one half of the reactor; 
diagram (c) where the reactor is bridging adjacent 
taps, and therefore tap voltage is impressed on the 
reactor. To aid in considering these diagrams, let us 
call (a) the symmetrical, (b) the unsymmetrical, and 
(c), the bridging positions. In the bridging position, 
two currents are flowing in the reactor, v1z., the load 
current, which divides in two equal halves as in (a), 
and a magnetizing current or circulating current, 
which flows as a result of the reactor bridging across 
adjacent taps. The conditions imposed by the bridging 
and unsymmetrical positions are conflicting; since 
to design with relatively high reactance, so as to have 


High Voltage 
Low Voltage 


RA- Ratio Adjuster 
B - Circuit Breaker 


Fig. 7. Diagram of a Transformer Designed 
with a Multiple Circuit, by Means of which 
Many Difficulties which Accompany Tap- 
changing Under Load Are Overcome 


a small circulating current, will result in a relatively 
large reactance drop in the unsymmetrical position 
and, consequently, an undesirably large fluctuation in 
line voltage. If the reactor is of the iron type, gaps 
are necessary in the magnetic circuit. A magnetizing 
current of not less than 50 per cent full-load current 
is considered necessary to give good results. 

It would be logical to ask, at this point, why 
better use were not made of all of these positions by 
making them permanent operating positions. This 


is possible; and it has been done. For example, the 


connection shown in Fig. 8, in which nine taps are 
used to derive nine operating voltages, could be 
replaced by the connection shown in Fig. 10, if all 
positions are made operating positions. Here, nine 
voltages are derived by using five taps instead of nine, 
and three-point instead of nine-point ratio adjusters. 
In this, the symmetrical position is not used, the 
sequence of operation being alternately the unsymmet- 
rical and bridging positions. 
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Fig. 8. A Connection Diagram_for 
Load Ratio Control in which 
Nine Tape Are Provided for De- 
riving Nine Operating Voltages 
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Occasionally, the arrangement of windings is 
such as to make it desirable to reduce the number of 
taps to a minimum, and there are other cases where a 
particularly large number of taps are desired. For 
example, in one instance when eighteen operating 
voltages were wanted, and where, on account of the 
design of the windings, it was not desirable to have a 
multiplicity of taps, the design selected had only five 
tap sections; and by using all positions for permanent 
operation, the eighteen steps were obtained. 

In the majority of cases, however, it has been found 
desirable to make the unsymmetrical and bridging 
connections only transitional or switching positions 
and not operating positions, in order to make the 

size of the reactor smaller and, at the same 
time, to save in losses. Permanent operation 
on only the symmetrical position incurs no 
losses due to circulating current, or to core loss 
in the reactor. Furthermore, since twice the 
number of taps must be used for permanent 
operation on only the symmetrical position, the 
voltage between taps is only one-half, and there- 
fore the voltage impressed on the reactor during 
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Fig. 9. Current-limiting Reactor Connections in 
Load Ratio Control 


(a) Symmetrical (b) Unsymmetrical 
(c) Bridging 


switching is only one-half of what it would be if all 
possible positions were made operating positions. The 
net result is that the kilovolt-ampere rating of the 
reactor is about one-third, and the energy losses in 
the reactor only one tenth. In the larger ratings, this 
is by no means negligible. For example, in a 60,000- 
kv-a. bank having ratio control in 2 per cent steps, 
the reactor rating can be reduced from 8000 to 1000 kv-a. 
by doubling the number of taps and operating only 
on the symmetrical position; and at the same time, 
the reactor losses can be reduced from 10 to a single 
ktlowatt. These considerations alone have made it 
very desirable to use a larger number of taps in 
equipments involving the larger ratings. 

Another advantage of operating permanently on 
only the symmetrical positions 1s that the voltage 
steps will always be uniform. For the purpose of 
comparing the voltages derived, the diagrams in 
Fig. 11 are useful, (a) giving the voltages when operat- 
ing only on symmetrical positions and (b) the voltages 
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when operating alternately on unsymmetrical and 
bridging positions. The diagrams are drawn to the 
same scale, and both show the voltages for two steps, 
the desired voltage of each step being 100. In Fig. 11 
(a) the three operating tap positions are A, B, and C, 
the voltages derived on the switching positions being 
1, 2, 3 in going from A to B, and 8, 4, 6 in going from 
step B to C. Both diagrams are plotted for full load 
at 80 per cent power-factor, and it is assumed that 
the reactor has been designed for a circulating current 
of 60 per cent. In (b), Fig. 11, the voltage between 
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(b) 


(a) 


Fig. 10. A Connection Diagram 
for Load Ratio Control in 
which All Positions Are Made 
Operating Positions, Thus 
Making it Poesible to Obtain 
Nine Voltages by Using Only 
Five Tape 


shown in (a), Fig. 9. 


quality of voltage steps produced. 


adjacent taps A and B is 200, but the tap voltage 
derived on the operating positions 1, 2 and 3 are 
alternately 50and 150. The reactance drops introduced 
by the reactor during operation on the unsymmetrical 
position are A-1 and B-3, whereas in the bridging 
position, no drop, or relatively little drop, is intro- 
duced by the reactor. The resulting non-uniformity in 
tap voltage may be improved by designing the reactor 
for greater circulating current, and of course, the 
conditions are better for lighter loads and higher 
power-factor; but on the other hand, with over-loads, 
it iS quite possible for one of the steps to become 
reversed so that when the equipmentis operated togain 
in the voltage, actually a lower voltage is obtained. 

In Fig. 12, the relations between unequal voltage 
steps are plotted as a function of power-factor. Curve 
aa is obtained when the reactor is designed for 100 per 
cent circulating current and curve bb when the reactor 
is designed for 60 per cent circulating current. The 
curves show that, even at the higher power-factors, 


Fig. 11. Diagram Showing the Voltages Derived in 
Tap-changing with a Circulating Current of 60 
Per Cent Full Load at 80 Per Cent Power-factor 
(a) Voltages’derived from symmetrical position 


(b) Voltages derived from_unsymmetrical and 
bridging positions (b) and (c). Fig. 9. Note the ine- 
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a considerable inequality in adjacent voltage steps is 
obtained; for example, at 90 per cent power-factor 
and full load, we obtain from curve bb adjacent voltage 
steps equal to 65 per cent and 135 per cent, where 
two 100-per cent steps are desired. 

Another objection to operating with connections 
on only one tap is that short-circuit currents are 
concentrated on one circuit; consequently, unless the 
current-carrying parts are designed much more 
liberally, the safety-factor, under short-circuit condi- 
tions, will be very greatly reduced. 
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Fig. 12. Unequal Voltage Steps, Caused by Operating 
Alternately with One and Two Taps Closed, Plotted 
as Functions of Power-factor 


Curve aa— Reactor designed for 100 per cent circulating 
current. 

Curve bb—Reactor designed for 60 per cent circulating 
current. 


Furthermore, during short circuits, the voltage drop 
across the reactor will rise, so that a relatively high 
voltage appears across the open breaker. For example, 
a short-circuit current of ten times normal, flowing 
through one side of the reactor, may increase the 
voltage across the open circuit breaker in the neighbor- 
hood of 50 per cent of line voltage. With symmetrical 
operation, both breakers being closed, this voltage 
rise cannot occur. 

The circuits which have just been described show 
what can be done with the combination of ratio 
adjusters and circuit breakers, to obtain voltage 
control. When a group of circuit breakers or contactors 
are used alone, they are connected in a manner shown 
in Fig. 13. This method is one of the oldest forms 
of ratio control arrangements; and it was used in 
connection with relatively small units many years 
ago. 

()It was fu'ly described in the paper, “Tap Changing Transformer 


Under Load,” by L. H. Hill, at the A.I.E.E. Convention, Pittsfield, Mass., 
May, 1927. 
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The arrangement just described involves two kinds 
of operating positions, vtz., one in which only one con- 
tactor is closed, and another in which two adjacent 
contactors are closed and bridged by the current- 
limiting reactor. The voltage diagram at the right- 
hand side of Fig. 13, showing the voltages obtained in 
three successive positions at full load, marked 1, 2, 
and 3, indicates that the steps are not uniform as was 
previously described. However, by adding (Fig. 14) 
another contactor, 6, which is connected so as to short- 
circuit the reactor in alternate steps, uniform voltages 
may be obtained. This arrangement involves the 
operating voltages 1, 2, and 3, shown in the voltage 
diagram at the nght-hand side. Thus, a considerable 
improvement in operating characteristics is obtained 


~~ 


Fig. 13. Connection Diagram Showing How Load Ratio Control 
May be Accomplished by the Use of Circuit Interrupting 
Equipment Alone. The voltage diagram appears 
on the right 


in that all steps are now uniform, and two contactors 
are always closed in an operating position. In alter- 
nate positions the reactor bridges adjacent taps, and 
therefore, the reactor 1s under excitation and circu- 
lating current is flowing. As both the core losses and 
the copper losses are independent of load because of the 
circulating or magnetizing current in the bridging 
positions, they should be included in the no-load 
losses of the equipment, although allowance should 
be made for the fact that they are present only on 
alternate operating positions. Of course, by avoiding 
the use of the bridging positions as operating positions 
these losses can be eliminated and, at the same time, 
the reactor size can be reduced to about one-third, 
as previously explained. However, to the writer’s 
knowledge, this has not been attempted, since it in- 
volves doubling the number of contactors. 

The foregoing characteristics have been considered 
in rather minute detail, in order to show that although 
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various ratio control equipments differ very greatly 
from each other in mechanical and electrical design, 
they are all nevertheless reducible to equivalent 
electrical circuits which are similar to each other: 
and the major difference in electrical characteristics 
depends mostly upon the positions in a cycle of 
operation which are selected by the designer to be the 
permanent operating positions. By using all possible 
positions, the number of mechanical parts is reduced; 
but when this is done it is necessary to design the 
electrical circuits more liberally and even then, in 
some cases, the electrical performance is not particu- 
larly good. 

While having the two types of equipments in 
mind, it is worth noting that the segregation of the 
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Fig. 14. The Switching Equipment of Fig. 13, Supplemented by the 
Use of an Additional Unit, 6, Permits Tap-changing in 
Uniform Voltage Steps. In the voltage diagram, on 
the right, J, 2, 3 are operating positions; S, S 
are transition positions 


switching duty from the tap-changing duty, which is 


accomplished by the combination of circuit breakers- 


and ratio adjusters, materially reduces the voltage 
between parts in the switch tank. This is because, 
in the one case, the full tap range must be brought 
out into the switch tank; whereas when ratio adjusters 
are used, only the voltage of one tap appears across 
the circuit breaker. Take for example the case of ratio 
control inserted in the grounded neutral end of a 
132,000-volt line. Without ratio adjusters, it is neces- 
sary to bring out of the transformer tank the full tap 
range, t.e., from 7000 to 20,000 volts; whereas with 
ratio adjusters the voltage of only one tap 1s brought 
out which is one-tenth as much. These values are 
also the voltages to ground. Considering that the oil 
in a switching compartment is very quickly carbon- 
ized, and also contains particles of copper, it is cer- 
tainly advantageous to keep the voltage in these tanks 
as low as possible. 


(To be continued) 
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Industrial Electric Heating 


PART IV 
MELTING NON-FERROUS METALS (Cont'd) 


By N. R. STANSEL 
Industrial Engineering Department, General Electric Company 


in the melting point scale, Group II, Table 

VIII, begins with silver and is extended to 
include all alloys containing a metal from that group 
as one of the major constituents of the alloy. Copper 
and nickel are the two metals in Group II which are 
of greatest utility in the industrial arts. The copper 
alloys, brass, bronze, nickel-silver, and some of the 


"Te second division of the non-ferrous metals 
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Fig. 58. Temperature Chart for Molten Copper-zinc 
Alloys (Gillett) 
(A) Melting temperatures. 
(B) Pouring temperatures, assumed 150 deg. C. above melting point. 
(C) Approximate boiling points. 


bearing metals which contain copper are first in 
importance in this group of alloys. Of these, brass 
is most widely used; the term “brass”’ including all 
the copper-zine alloys which contain 55 per cent or 
more of copper. 

The extent of the present use of electric heat for 


industry is shown in Table X.'® While the resistor- 
type electric furnace has been used to some extent for 
this class of melting, by far the larger part of electric 
heat for this service is now obtained frem induction 
furnaces and arc furnaces. 


TABLE X 
Electric Brass and Bronze Furnaces in Active Use in United 
States and Canada, Feb., 1927. Excludes idle or spare fur- 
naces. Includes those melting copper, nickel brass, and 
aluminum bronze. Includes only arc and induction fur- 


naces 
Number Connected Tons of Melt for Kilowatt-hours 
of Furnaces Load Kw. 1926 (Estimated) | Used (Estimated) 


Wrought Brass Industry 


321 | 27,100 *450,000 | 113,000,000 

Brass Foundry Industry 
303 | 29,200 | 225,000 | 67,500,000 
Total 624 66,300 675,000 | 180,500,000 


* Approximately 90 per cent of the total output of mills. 
+ Approximately 30 per cent of the total output of foundries. 
t Approximately 50 per cent of the grand total. 


The figures of Table X show that while the 
numbers of electric furnaces in active use for melting 
in the two divisions of industry noted are about the 
same, the electric energy used for melting alloys for 
the production of bars, sheets, tubes, etc., is about 
twice that used in foundry practice. This wrought- 
metal production 1s concentrated into a few large 
plants which use electric heat almost exclusively for 
melting. The total cast-metal output comes from a 
large number of comparatively small, widely-scattered 
foundry plants. In these plants the growthof the adop- 
tion of electric heat for melting has been much slower. 


Pouring Temperatures 

The pouring temperatures of non-ferrous metals of 
high melting temperatures and their alloys vary with 
the character of the metal or alloy, the purpose for 
which the melt is to be used, and with the type of 
mold. In general, the pouring temperatures range 
from 150 to 350 deg. F. above the melting point. The 


melting in this branch of the non-ferrous metal chart in Fig. 58, by Gillett and Mack", gives 

(16)Gillett: “Twenty-five Years of Non-ferrous Electrothermics, "Trans. (17)Gillett and Mack: "Electric Brass Furnace Practice,” Bul. No. 202, 
Amer. Electrochem. Soc. Apr., 1927. U.S. Dept. of the Interior. 
E References made to material hitherto published in this series of articles may be readily located from the following table: 

Issue Figs. Equations Examples Tables Footnotes 

Part I Oct. 1927, p. 488 l to 23 (1) (8b) lto 3 Ito Ill (1) and (2) 
Part IT Nov. 1927, p. 551 24 to 43 (9) and (10) 4to 6 IV to V II (3) to (13) 
Part IJI Dec. 1927, p. 600 44 to 57 (11) and (12) 8 to 11 VIII to IX (14) and (15) 
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approximate boiling points, melting points and assumed 
pouring temperatures for the entire range of com- 
mercial copper-zinc alloys. 


Heat Content 

Only a comparatively small amount of work in the 
determination of the heat content of molten non- 
ferrous alloys has been done. The values in Table XI 
are given by Gillett and Mack”) who state: ‘‘Accord- 
ing to the probable specific heat of molten copper 
alloys it will probably take from 10 to 15 kw-hr. 
per ton of brass or bronze extra for each 100 deg. C. 


a 
TABLE XI 
TEMPERATURE 
TT Heat Content 
All i 
oy Deg. F.| Deg. C. Kw-hr. per Ton 
61 Cu 36 Zn 3 Pb..... 1832 | 1000 |146 (Gillett and Mack) 
65 Cu 35 Zn.........| 1832 | 1000 |136 (Richards) 
6624 Cu 33 1% Zn......| 1832 | 1000 |138 (Clamer and Her- 
ing) 
80 Cu 20 Zn.. 2012 | 1100 |161 (Hansen) 
85 Cu 15 Sn.. 1922 | 1050 |136 (Richards) 


above the melting point to which the metal is raised;” 
also, “It seems likely that 150 kw-hr. per ton for 
average yellow brass poured at about 1050 deg. C. 
(1922 deg. F.) and 170 kw-hr. per ton for average 
red brass poured at 1200 deg. C. (2192 deg. F.) are 
better figures for the theoretical power require- 
ments.” The heat content curves of Fig. 59 for two 
copper-zinc alloys and of Fig. 60 for two nickel silver 
alloys are given by Tama. 09 
The heat content curves of non-ferrous metals and 
their alloys, for example, Figs. 46, 59 and 60, consist 
of a line broken into three sections: 
(a) A section showing the heat absorption up to 
the melting point. 
(b) An intermediate section representing the tran- 
sition from the solid to the liquid state. 
(c) A section showing the heat absorption above 
the melting point. 
TABLE XII 


Microhms 


Temperature, Deg. C. Per Centimeter Cube 


20 1.7347 
1000 9.42 
1082.6 10.30 solid state 
1082.6 21.30 liquid state 
1100 21.43 
1340 23.39 
1450 24.22 


The change from the solid to the liquid state may 
be sudden or gradual, depending upon the character 
of the metal or alloy. If this change is gradual, we 
have the pasty stage noted with reference to the equi- 
librium diagrams, Figs. 44 and 45. The change from 
the solid to the liquid state is accompanied by a 
marked increase in the specific resistance of the metal. 


(8)Tama: Zeitschrift fur Metalkunde, Vol. 18, p. 7. 
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For example, Northrup” obtained the values given 
in Table XII for copper (99.39 per cent conductivity). 

In each case the value given for the heat content 
represents only the heat absorbed by the metal or 
metals. If the charge of metals to be melted contains 
impurities, such as oxides, dirt, moisture, etc., these 
also absorb heat. Usually the most important im- 
purity, from the standpoint of heat absorption, is 
water. Moisture in a charge may account for an 
appreciable quantity of heat in the melting operation. 
The evaporation of one pound of water requires 
approximately 1200 B.t.u. (0.35 kw-hr.) From the 
figures just given the heat content of one pound of a 
molten non-ferrous alloy runs from 250 to 300 B.t.u. 
If the charge contains, say, three per cent moisture 
the heat absorption of the total charge will be from 
10 to 15 per cent greater than the theoretical value 
for the metal alone. 


— 
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Fig. 59. Heat Content Curves of Two Copper-zinc 


Alloys (Tama) 


Factors in Melting 
In non-ferrous melting practice the more important 
factors which guide the melter are: 

(a) The low vapor pressures of some metals, 
notably zinc, which cause volatilization at com- 
paratively low temperatures; 

(b) The readiness with which oxidation of these 
metals occurs at high temperatures; 

(c) The tendency in case of some alloys towards 
segregation while in the molten state; 

(d) The effects of underheating, overheating, and 
of unequal distribution of temperature within the 
mass of the charge; 

(e) The effects that impurities have upon the 
metal or alloy. ; 

(f) The analysis of the charge and the nature of 
the different parts of the charge; and 

(g) The kind and size of the castings to be 
poured. 

In brass melting it is easy to lose zinc by vaporiza- 
tion. Values of the vapor pressure of zinc at different 
temperatures, together with the corresponding values 


for some other metals for comparison, are given in 


(9)Northrup: Jour. Franklin Institute, Vol. 177, p. 20. 
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Table XIII. It will be noted that zinc has an appreci- 
able vapor pressure not far above its melting point. 
Also by reference to Fig. 58 it is seen that the pouring 
temperatures of the copper-zinc alloys near the 60-40 
proportion (which constitute a large part of the brass 
used) are close to the boiling points of these alloys. 

If brass is melted in an open crucible the rate of 
loss of zinc from the charge depends upon: 

(a) The percentage of zinc in the charge; 

(b) The temperature of the metal; 

(c) The rate of diffusion of zinc through the mass 
to the surface; and 
The velocity of gases over the surface of the 
metal. 

The total loss of zinc from a given weight of charge, 
as determined by these factors, will depend upon the 
area of the exposed surface and upon the length of 
time that the mass of metal is held at the stated 
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Fig. 60. Heat Content Curves of Two Nickel Silver 
Alloys (Tama) 


temperature. With a sealed melting chamber the loss 
by vaporization during melting would of course be zero. 

A loss of a part of one or more of the constituents 
of a charge of metals during melting is undesirable 
in itself as a metal loss. A more important considera- 
tion, in the case of alloys, is the consequent loss of the 
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shakes” was common among workmen employed 
around open crucible melting furnaces. While zinc 
has been singled out as the metal requiring much 
care in melting to prevent loss by vaporization, it 
should be kept in mind that other metals (see Table 
XIII) have vapor pressures at elevated temperatures 
that must be considered in melting operations. 

As the constituents of non-ferrous alloys are readily 
oxidizable at the pouring temperatures of these 
alloys, the atmosphere of the melting chamber should 
be neutral. 

Stirring of an alloy while it is in the molten state 
is often essential to prevent segregation of the metals. 
This is particularly the case with alloys containing 
lead, a metal quite common in brass mixtures. The 
degree of the stirring necessary in any particular case 
depends upon the character of the alloy, t.e., upon 
its tendency towards segregation and also upon the 
nature and the quantity of the impurities which may 
be present. The stirring of the molten mass should 
be a uniform procedure. This requires that the action 
be automatic. Stirring also brings about equalization 
of temperatures within the mass and prevents over- 
heating of any portion of the metal. 


The Ideal Melting Furnace 
A convenient method of considering equipment for 
a given service is to first consider a specification that 
represents ideal conditions. This method, however, 
will lead to wrong conclusions unless the degree of 
importance attached to each item of the specifica- 
tion is based upon the conditions under which the 
equipment will operate. The ideal specification for a 
furnace with which to melt non-ferrous metals and 
their alloys would include many items. However, 
what is thought to be a reasonably complete catalogue 
of requirements follows: 
(a) A closed melting chamber to prevent loss of 
metal by volatilization and for the control 
of the atmosphere of the chamber. 


TABLE XIII 


Metal roe 107 1077 10-1 
Deg. C. 

Zinc..... 419 290 350 420 

Copper...] 1083 1080 1200 1340 

Paar a? 327 620 710 820 

Tin...... 232 1010 1130 1270 


control of the analysis of the alloy. In the process of 
melting steel a check analysis of each charge is usually 
made before pouring. This checking of the melt 
before pouring is not practicable, under average 
conditions, in melting non-ferrous alloys. 

The poisonous character of zinc fumes is another 
factor in melting alloys which contain that metal. 
Before the advent of the electric melting furnace in 
the brass industry the malady known as “brass 


Vapor Pressure in mm. of Mercury 


1 10 50 100 760 
Temperature (Deg. C.) 


500 610 700 750 920 
1520 1740 1930 2030 2350 
960 1130 1290 1360 1640 
1440 1660 1850 1940 2260 


(b) A continuous and uniform stirring of the 
molten metal the degree of which can be 
controlled to suit the particular alloy being 
melted. 

(c) A close control over the flow of energy into 
the metal. This is necessary in order to obtain 
accuracy in pouring temperature of the 
individual melt and uniformity in the pouring 
temperatures of successive melts. 
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(d) A temperature gradient from the metal to the 
outer boundary of the furnace walls. This 
prevents a flow of heat from the furnace 
structure into the metal when the supply of 
heat to the furnace is cut off, as in holding a 
charge before pouring. 

(e) There should be no contamination of the 
metal or alloy by impurities or gases during 
the melting process. 

(f) The furnace should be suitable for melting all 
classes of charges, t.e., virgin metal, scrap of 
all kinds, and in fact any mixture of metals. 

(g) The design of the furnace as regards size 
should be such that the type can be fitted to 
operations both large and small. 

(h) The furnace should be adaptable to both 
intermittent and continuous operations and to 
the melting of alloys of different compositions 
in intermittent service. 

(1) The furnace should be suitable for location at 
any point in the line of manufacturing 
operations. 

(j) The conversion efficiency must be high and 
the design such that a high operating efficiency 
can be obtained easily under average operating 
conditions. 

(k) The nature of the ambient atmosphere due to 
the operation of the furnace should affect 
neither the efficiency nor the health of the 
operators. 

(D) The refractory lining of the melting chamber 
should have a long life. 

(m) Simplicity and ruggedness of design and 
construction are essential. 

(n) The furnace should be simple in operation. 

(0) Safety in operation is essential. 

(p) The labor cost of operation should be a small 
item. 

(q) The maintenance charge should be low. 

(r) Adaptability of design to any desired method 
of charging and pouring should be possible. 


In addition, for the electric melting furnace, the 
following features relating to the power system which 
supplies the furnace load should be considered: 


(s) The utilization of standard voltages and 
frequencies; 

(t) A unity power-factor load; 

(n) A balanced polyphase load; 

(«) An even demand upon the power supply; 
and, with all these requirements, the furnace 
must meet the economic phase of the service. 


Obviously no one type of furnace complies wholly 
with this specification. Hence in each case the class of 
service required and the local conditions should be 
considered to determine the features which should be 
given priority. There is a wide variety in melting 
service. In some cases two or more types of 


GENERAL ELECTRIC REVIEW 


Vol. 31, No. 3 


furnaces will serve the purpose. In others a furnace 
of a particular type is essential for satisfactory 
results. 


Electric Melting Furnaces 

Both the induction furnace and the arc furnace 
meet in a large measure the ideal specification. The 
wide use of both of these types shows that electric 
heat for melting meets the economic demands of 
melting service besides being of particular value 
in the production of high-grade metals and alloys of 
uniform quality; the latter often being the only 
reason assigned to the selection of electric heat for 
melting service. 

The induction furnace and the arc furnace differ 
fundamentally in the methods of conversion of electric 
energy into heat and in the methods of applying the 
heat to the metal to be melted. In induction heating, 


Fig. 61. The Constricting Effect of Electromagnetic Forces Between 
Parallel Conductors Carrying Currents in the Same Direction 


the energy is transferred to the metal by electro- 
magnetic induction and the electric currents thus 
induced in the metal develop heat in the mass as 
expressed by Joule’s law, given as Equation (1). 
In the arc furnace, the electric energy is converted into 
heat in the arc and the heat is transferred to the metal 
by heat radiation, in accordance with Equation (8). 
These fundamental differences necessitate separate 
considerations of the two types of furnaces, which 


' will be taken up in turn. 


The Induction Furnace 

The induction furnace is a combination of an air- 
cooled transformer and a direct-resistance furnace; 
a transformer in that the energy supplied to a primary 
coil is transferred by induction to a secondary coil, 
and a furnace in that this energy is converted into 
heat within this secondary coil. The secondary coil 
is a closed loop formed by the charge of metal to be 
melted. The character of this secondary circuit is the 
distinguishing feature of the types of induction 
melting furnaces. 

There are certain principles which are peculiar to 
the use of induction heating for melting metals, viz.: 

(a) The heat is developed within the mass of the 
metal and the time required to melt the charge does 
not depend upon the thermal resistance of the surface. 
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Equation (1) applied to melting by induction heating 
can be further rearranged thus: 


PON SO T 
I}2X R, X 1000 
ha (1e) 


 I,XE,X 1000 
in which 
t’ = theoretical time in hours for the metal to reach 
a given temperature. 
ha = kilowatt hours absorbed by the metal from 
Equation (2). 
I, = current induced in the secondary circuit. 
R, =resistance of the secondary circuit. 
E, = voltage induced in the secondary circuit. 


Fig. 62. A Diagram of a Portion of a Molten Metal Conductor, 
Showing the Constriction of Its Sectional Dimension Occasioned 
by Electromagnetic Forces 


—— 


Fig. 63. The So-called “Pinch Effect,” which Sometimes Occurs 
When the Constrictive Effect of Electromagnetic Forces 
Becomes Pronounced 


Equations (1d) and (le), together with Equation 
(2), state first that the theoretical time required to 
melt a given charge of metal depends upon the specific 
heat, the latent heat, and the final temperature; 
and, second, that this time is inversely proportional 
to the input of energy into the metal. The value h, 
in a given case 1S a definite quantity. Hence the 
minimum value of t’ is only a matter of the rate at 
which energy can be supplied. The actual time is 
greater than the theoretical time by an amount 
depending upon the limitations of the power input 
imposed by the design of the furnace and upon the 
rate at which heat can be accumulated in the metal, 
the last mentioned being a matter of the degree to 
which the mass of metal is insulated against the flow 
of heat to the surrounding atmosphere. 

(6) The secondary coil of an induction furnace 
becomes, when melted, a liquid conductor at high 
temperature, t.e., molten metal. A liquid conductor 
can be considered as an infinite number of current- 
carrying elements or conductors in parallel. The law of 
electro-magnetic forces between parallel conductors is: 


_hxkhxe 
S 


F (13) 
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in which 
F= force acting per unit length; attractive if 
the currents flow in the same direction, repul- 
sive if in opposite directions. 
I,, Iz= currents in the conductors. 
c=a constant. 
s=the distance between the conductors. 


In the case of parallel conductors free to move and 
in which the currents flow in the same direction this 
force will tend to bring the conductors together to 
form a closed bundle of circular cross section as 
indicated in Fig. 61. If the conductor is a liquid 
contained in an open channel the radial pressure 
created tends to force the liquid towards the center 
and out at the ends thus decreasing the cross section 
of the conductor. If there is an irregularity in the 
channel of the liquid conductor, as shown in Fig. 62, 
the liquid will be constricted and consequently the 
current density and the pressure will be increased at 
this point. The result is that the liquid is forced 
away from the point of higher pressure, a move- 
ment being set up as indicated. If the current 
in the liquid conductor is great enough the liquid will 
be forced away faster than it can return and the circuit 
will be ruptured, as in Fig. 63. This phenomenon is 
known as the “‘ pinch effect.” © It is a factor which 
has much bearing upon the design of induction 
furnaces. 

Equation (14) by Hering ® applies to liquid con- 
ductors in open channels whose width is one-half the 
initial height of the liquid. The value J, in this equa- 
tion is the current which will cause rupture of the 
circuit and is termed the critical current. 

I,=449V G X H? (14) 
in which 

I. = critical current. 

G = specific gravity of the liquid. 

H = initial height of the liquid. 

From Table XIV it will be noted that the current 
densities corresponding to the critical currents for 
various sizes of the channel varies with the size of the 
channel. In the use of induction furnaces with open 
channels the current in the liquid conductor (secondary 
circuit) must be limited to a safe operating value 
below the critical value for the size and type of channel 
used. As a general rule, three-fourths of the critical 
value provides sufficient margin. 

(c) The high temperature of the liquid conductor 
makes it necessary to use a refractory container for 
the secondary circuit of the furnace. This construction 
requires a comparatively large amount of space in the 
transformer construction, t.e., between the primary 
and secondary coils. Thus the reactance is high; and 
unless the power supply is of low frequency the power- 
factor of the furnace load will be low. 


(0) Northrup: Physical Reriew, Vol. 24, p. 474. 
ona) Hering: Trans, Amer, Electrochem, Soc., Vol. 11, p. 330, and Vol. 15, 
p. 250; 
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(d) The heating effect of the currents in the 
secondary circuit being proportional to the electric 
resistance of the circuit, the specific resistance of the 
metal to be melted is a determining factor in the use of 
induction heating for melting. Data on the specific 
resistances of metals and alloys in the molten state 
are limited. The values of Table XV were compiled 
from various sources. In any case the value of specific 
resistance depends, of course, upon the temperature 
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vary. However there is but little, if any, data on this 
property. 

From the foregoing considerations we can classify 
the properties of metals with reference to melting by 
induction heating, as in Table XVI. 

The lower the values of specific heat, latent heat 
and melting temperature, the lower the heat content 
for any given pouring temperature. None of these 
values affect the permissible operating current in the 


TABLE XIV 


CHANNELS 2 IN. BY 1 IN. 


4 IN. BY 2 IN. 


6 IN. BY 3 IN. 8 IN. BY 4 IN. 


[aah E — ee EE ed 


rm fe =| ef, | | Oo Of eee 


Metal G Ie CDe Ic 
Tiere ak 6.99 3300 1650 9800 
Lead..... 10.60 4100 2050 11500 
Zinc...... 6.48 3200 1600 9100 
Aluminum 2.67 2000 1000 5800 
Silver 9.51 3900 1950 11000 
Copper 8.20 3600 1800 10000 
Nickel 8.80 3700 1850 10500 
Steel. .... 6.88 3300 1650 9500 


G =specific gravity. 


CDe Ic CDe I¢ CDe 
1225 17000 945 26000 810 
1440 21000 1165 33000 1030 
1140 16500 920 25500 800 
T25 10500 585 16500 515 
1375 20000 1110 31000 970 
1250 18500 1030 29000 900 
1310 19500 1080 80000 940 
1185 17000 945 26500 830 


t 


Ic =critical current for liquid conductors in open channels whose width is one-half the initial height of liquid. 


CDc =current density corresponding to Jc. 


of the metal. Tama“) gives the chart of Fig. 64, 
showing the relative values of specific resistance of 
copper-zinc alloys in the solid state at 0 deg. C. and 
in the liquid state at the melting temperature. The 
chart “) in Fig. 65 shows the resistivity of a brass of 


TABLE XV 
MICROHMS PER 
CENTIMETER CURE 
Solid Liquid 
Metal 
Tineia dd ee a aaa eh ee 11.3 54.6 
Leäd. sk iGeb eda ea eae bas 20.8 102.8 
IA a 03s xt bars ce be bees s 6.1 36.6 
Aluminum................... 2.94 24.0 
SIV GE. eco ele See ct ee tne 1.65 17.0 
COpper eubie oe ons ew eda hee 1.78 24.8 
Nickel. techedi de pek ee tees 11.8 sid: 
Steel cee areari mae A 10.8 1.66 
Alloys 
Cu 663g Zn 33 %..... 2.0000... 4.0 41 
Monel Metal................. 42.5 80 
Ni 66 Cr 22 Fe 10 Mn 2....... 109 ae 


composition 63 Cu, 34.58 Zn, 2.42 Pb. It will be noted 
that the molten metal has a negative resistance 
temperature coefficient. According to Northrup this 
is due to the zinc in the alloy, he having determined 
previously @) that the resistance temperature coeffi- 
cient of zinc in the molten state (up to 750 deg. C.) 
is negative. 

(e) The forces acting upon the liquid conductor 
which forms the secondary circuit of the furnace 
tend to cause motion of the liquid, 2.e., the molten 
metal. In general, the more viscous the molten metal 
the more sensitive it is to the forces tending to cause 
motion of the metal. The viscosities of molten metals 


(2) Northrup: Metallurgical and Chemical Engineering, Vol. 12, p. 161. 
(3)Northrup and Suydam: Jour. Fran. Inst., February, 1913. 


secondary circuit. The higher the specific gravity, 
the higher may be the operating current, as in Equa- 
tion (14). The higher the specific resistance, the higher 
will be the rate of heat development by the permissible 
current. The heat developed by the current in the 
secondary circuit must supply the heat loss of the 
furnace as well as raise the temperature of the charge 
of metal. The limit of this temperature is reached 
when the rate of heat loss equals the rate at which 
heat 1s developed. If in a given furnace the specific 
gravity and the specific resistance of the metal 


TABLE XVI 
Property Favorable Unfavorable 
Specific heat ...224ai 20844 low high 
Latent heat............... low high 
Melting point............. low high 
Specific gravity............ high low 
Specific resistance.......... high low 
VISCOSILY 2% yenen apoo ih low high 


are low, it may not be possible with the limited current 
to develop heat at a sufficient rate to raise the tem- 
perature of the metal to the desired value. 


Types of Induction Furnaces 

There are two types of induction furnaces in use 
today, vz., the core type and the coreless type. The 
transformer of the former type has a magnetic core 
and is designed for use on circuits of a standard 
frequency—60, 50, 40, 30 or 25 cycles—and in some 
cases for a special low frequency, below 25 cycles. 

The coreless, or high-frequency type, furnace has no 
magnetic core and requires a frequency considerably 
higher than those adopted as standard for power 
service. Here the term high frequency means, say, 
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500 cycles or higher; although no particular value of 
frequency is assigned to the term. 

For reasons of simplicity of design and construction, 
induction furnaces are as a rule single-phase. Some 
three-phase induction furnaces have been built; but 
since the three-phase design has only the added merit 
of a balanced load as compared with the single-phase 
furnace, the three-phase design has made but little 
progress. With the growth of the size of power supply 
systems the magnitude of the permissible single-phase 
load has increased; and it is now not uncommon to 
find single-phase furnace loads up to 300 kv-a. In 
non-ferrous melting service large melting furnace 
units are not usually required. As a rule, two or more 


Spacific Resistance 
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Fig. 64. Relative Values of Specific Resistances for Copper-zinc 
Alloys in Solid and Molten States (Tama) 


small units are better adapted to the operating 
conditions; and this arrangement lends itself to 
obtain a balanced load on the power system. For 
special frequencies a motor-generator set is required 
which, of course, constitutes a balanced load. The 
load of an induction furnace is inherently steady, the 
load chart being practically a straight line. For holding 
the temperature of a charge of molten metal a low 
. voltage, obtained by a transformer tap, is used. The 
power-factor depends upon the design of the furnace 
and upon the metal being melted. This will be referred 
to again in the later considerations of furnace types. 

Two forms of the core-type induction furnace have 
been developed, viz., the Horizontal Ring furnace and 
the Vertical Ring furnace. While the Horizontal 
Ring furnace is designed primarily for melting and 
refining ferrous alloys and non-ferrous alloys of high 
specific resistance and is not intended for general 
application to melting non-ferrous alloys, it is logical 
to include this form at this point in the treatment of 
induction furnaces. 
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The Horizontal Ring Induction Furnace. The 
name of this furnace itself indicates the arrange- 
ment of the secondary circuit of the transformer, 
t.e., a ring or loop of metal in a horizontal plane. 
The general design of the furnace is shown in 
Fig. 66. The entire mass of the charge of metal is 
contained in a ring crucible, which is an open channel 
in a refractory material. The charge of metal is thus 
formed into a single-turn loop for the secondary 
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Fig. 65. Resistivity of a Copper-zinc-lead Alloy (Northrup) 


circuit. The magnetic core is of the three-leg type 
made up of laminated steel in accordance with 
standard transformer practice. The primary coil, of 
the circular disk type insulated with mica and asbestos, 
is located above the secondary coil (the molten metal 
loop) so that it will not be damaged in the event of 
a leak in the crucible. A small motor-driven blower 
supplies air under a low pressure, two to four ounces, 
for cooling the primary coil. A description of a 6-ton 
furnace “) of this type has been previously published. 
A typical installation is shown in Fig. 67. 

In this furnace there is an open channel for the liquid 
conductor, and the forces acting upon the secondary 
circuit so formed produce the following results: 


(a) Keeping within the permissible limits of oper- 
ating current value for the size and proportions of 
the open channel used and for the metal to be 
melted (see Table XIV) there is an unbalanced pres- 
sure set up within the molten metal, as indicated in 


CAUA Six-ton Induction Furnace Installation,’ by M. Unger, GENERAL 
ELECTRIC Review, August, 1924, p. 498. 
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Fig. 62, which causes a more or less gentle motion up a circulating motion in the molten metal as 
of the metal along the horizontal axis of the channel. indicated in Fig. 68. 

If there are slag or gases—comparatively poor (c) With the arrangement of primary and 
conductors—in the metal these impurities act in secondary coils as shown in Fig. 66, the repulsive 
the same way as irregularities in the channel, force between these two circuits, given by Equation 
i.e., they reduce the cross-section of the liquid (13), tends to repel the current-carrying elements 
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Fig. 66. A Diagram of the Horizontal Ring Induction Furnace, Showing a Section Along 
the Transverse Horizontal Axis and Another Through the Pouring Spout 
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Fig. 67. An Installation of a Horizontal Ring Induction Furnace of 4000-lb. Capacity. 
The electrical rating is 250 kw., 2200 volts, 15 cycles 


conductor and thereby aid in producing motion of of the liquid conductor towards the bottom of the 

the molten metal. channel. This action forces the impurities in the 
(b) Owing to the annular shape of the secondary molten metal to the surface. 

circuit, the current density in the loop of metal is The combined effect of these forces in the operation 


greater at the inner face of the ring, t.e., where the of the Horizontal Ring furnace may be summarized 
path of the current is the shortest and resistance thus: The molten metal is forced towards the center 
lowest. Hence, the attractive force within the liquid of the channel so that any impurities in the metal are 
conductor is not uniform, being greatest at the squeezed out. The molten metal is furthermore 
inner face. This inequality of forces tends to set subjected to circulation, one motion in a vertical 
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plane, perpendicular to the axis of the channel, and 
another in horizontal planes in the direction of the 
axis of the channel. This combination of forces 
provides a stirring action the degree of which is 
governed by the extent of the unevenness of the 
channel, the amount of impurities present, and upon 
the value of the current in the conductor. The current 
is regulated to give the desired degree of stirring as 
dictated by the metallurgical conditions of the melting 
or refining operation. 

The starting of the Horizontal Ring furnace is 
accomplished either by pouring molten metal into 
channel for the secondary circuit or by the use of solid 
starting rings made to fit the contour of the channel, 
one of which is shown in Fig. 69. These rings must of 
course be of the same metal as the charge. In the 
production of alloys, instead of using a single starting 
ring which may cause some trouble due to rupture 


Primary Coil 


Secondary Coil 
(Molten Metal) 


Crucible 


Fig. 68. A Sectional Diagram Showing the Forces ` 
Acting Upon the Secondary Circuit of a Hori- 
zontal Ring Induction Furnace 


of the circuit, two rings of different melting points 
are used. After the starting rings are melted, cold 
metal is added to complete the charge. When pouring, 
about one-third of the charge is left in the furnace for 
starting the subsequent charge. 

The power-factor of this type of furnace is com- 
paratively low owing to the loose coupling between 
the primary and secondary coils. The higher the 
specific resistance of the metal of the charge the higher 
will be the power-factor; moreover, the furnace will 
operate at a higher power-factor with a portion of a 
charge than with a full charge. With the larger sizes 
of furnaces the power-factor at a standard frequency 
is lower than is desirable; and a motor-generator Set 1s 
used which both supplies a low frequency for the 
furnace circuit and balances the load on the power 
system. Also, if desirable, a synchronous motor can be 
used for the motor-generator set and capacity 
added to this machine for power-factor correction. 
A furnace having a capacity of 500 Ib. of steel has 
a power-factor of approximately 50 per cent on a 
60-cycle circuit. This value of power-factor is also 
obtained with a 1500-lb. furnace on a 25-cycle 
circuit, and with a 4000-lb. furnace on a 15-cycle 
circuit, in each case with a full charge of molten 
metal. 

The Vertical Ring Induction Furnace. The distin- 
guishing feature of this form of core type induction 
furnace is the use of a closed channel of a construction 
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and location which eliminate the current density 
limitation of open channels and adapt induction 
heating to the melting of metals and alloys which are 
outside of the range of furnaces with open channels. 
The Vertical Ring induction furnace is particularly 
well suited to the melting of copper-zinc alloys and 
is widely used for that purpose by the brass industry. 
The construction is shown in Fig. 70. 

The secondary circuit of the transformer is a 
single-turn loop of molten metal in a channel which 
forms a V in a vertical plane below, and con- 
necting with, the main body of the charge of metal. 
The mass of metal in the V loop is comparatively 
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Fig. 69. Starting Rings for a Horizontal Ring 
Induction Furnace 
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Fig. 70. Sectional Views of a Vertical Ring 
Induction Furnace 


small, from 3 to 10 per cent of the total mass of the 
charge, the amount in each case depending upon the 
size of the furnace and the properties of the metal or 
alloy for which the furnace is designed. The heat 
developed by the current induced in the secondary 
circuit is transferred to the main body of the charge 
by liquid convection. The V loop of molten metal is 
thus an indirect heating unit. The convection move- 
ment of molten metal in the channel is effected by 
the combined actions of the force of gravity and 
the electrodynamic forces acting on the liquid 
conductor. 

The force of gravity effect is that which follows 
from the difference in densities of the particles of 
molten metal in the channel and of the cooler (and 
hence denser) particles in the main body of the charge. 
The electrodynamic forces acting are due in part to the 
geometrical arrangement of the liquid conductor, this 
element of the forces being a maximum at the apex of 
the triangle formed by the channel, and in part to 
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the “‘pinch effect” phenomenon which action is a 
maximum at the junctions of the channel with the 
main body of the charge. A complete analysis of the 
actions of these forces is given elsewhere.) The 
channel in the refractory material for the secondary 
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is constantly kept full by the hydrostatic head of the 
charge above; and the resistance of the circuit is 
practically constant. A chart showing the uniformity 
of the load is reproduced in Fig. 71. A regulating 
transformer with a number of taps is provided for 


mr ' 
oe © 4 © @® o ò 9 ® e eo è òo ò ò ọọ @ @: 
mE sere 25 ~ ae ae ee gg ae A a T eee E See R 
` \ a ; R ` \ ` \ 
— T x - A- i x ~ ~ 4 — -- Y 
7 ` a í L3 . j 
+ — = ` A + ` Pen = oe -4 \ 
, \ 1 i 
\ \ \ ` \ 
Sony -~ m on 14 = aes ae — a = z= == = = =e _ — \ 
4 ' ; il \ 
i \ 
er ee - 1? Ee Aae pre lial, y- ‘ages: + = ca — —- a -p - 4 
E. Ro te | 
=o tosach = nn - - - -- 
sw t + * 
f 
Bad 7 — p as 
Ome ee eee a a _ ~w ; r — — f — 
‘ ‘Melting E Die 
{  __Agtding ; 
f ; Temperature 
$ $ ` H © 


ea e u n a D aid é 


Fig. 71. 


circuit is designed to utilize these forces to produce 
a movement, or circulation, of the molten metal, t.e., 
the liquid convection noted in a preceding paragraph 
and indicated by the arrow in Fig. 70. The channel 
is designed as a secondary circuit of a transformer 
with a cross-section and length corresponding to rate 
of melting desired; and in addition there must be 
taken into account the viscosity of the molten metal 
and the frictional resistance of the channel. The 
primary coil and magnetic core follow in design 
standard transformer practice. The primary coil is 
cooled by low-pressure air supplied by a small motor- 
driven blower. 

The rate of melting a given metal or alloy in the 
Vertical Ring furnace is a matter of the permissible 
power input into the secondary circuit. There is, of 
course, a limit to the temperature to which the liquid 
conductor of the secondary circuit can be carried 
both on account of the volatilization of the metal 
and the temperature limit of the refractory material 
which contains the channel. As in all transformers, 
the primary coil is limited also to a definite kilowatt 
input at the voltage for which it is designed. Furnaces 
of this type operating with pouring temperatures up 
to 2400 deg. F. are in commercial service. 

The power-factor of this type of furnace is com- 
paratively high, being 75 to SO per cent on 60-cycle 
circuits and somewhat higher on 25-cvcle circuits. 
In operation, the loop forming the secondary circuit 


(78) Northrup: “Nature and Explanation of the ‘Motor Effect’ in the 
Ajax-Wyatt Furnace," Jour. of the Franklin Institute, Vol. 190, p. 817. 


A Typical Load Chart of a Single-phase 60-kw., 220-volt Vertical 
Ring Induction Furnace 


holding the temperature of a charge. A diagram of the 
furnace connections is shown in Fig. 72. 

In starting the Vertical Ring furnace it is first 
necessary to fill the V channel with molten metal; 
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Fig. 72. The Connection Diagram of a Single-phase 60-kw. 220-volt 


Vertical Ring Induction Furnace 


and this loop must be kept in a molten state as long 
as the furnace is in service. This requirement makes 
the furnace inflexible as regards frequent changes of 
alloy compositions. In general, this type of furnace 
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is intended for a continuous melting service although 
there may be idle periods, as nights, holidays, and 
Sundays in the schedule of operations. During such 
periods the metal in the furnace is held molten by a 
low-voltage tap on the regulating transformer. 


TABLE XVII 
Output, Lb. Per Cent 
Grose Charrehscss.cs cee 3,352,581 100 
DHEG CASTINGS og 55s os sss 3,285,062 97.99 
Net recovery on skimmings 
and solashingss.ix 6165 cs. 53,552 1.59 
Total metal shrinkage includ- 
ing oil and non-metallics in 
13,967 0.42 


original charge.......... 


The data of a test ® of this type of furnace melt- 
ing brass for metal loss, analysis of output, and 
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energy consumption are given in Tables XVII, 
XVIII, and XIX respectively. 

The operating efficiency, t.e., the kilowatt-hours 
per ton of castings over an extended period of opera- 
tion of a furnace, depends of course upon the many 
factors that enter into a schedule of manufacturing 
operations. Thus the operating efficiency of a furnace 
on the same metal will vary as the operating con- 
ditions are changed. The highest operating effi- 
ciency is obtained when the furnace runs continu- 
ously, when the metal is poured as soon as it reaches 
the pouring temperature, and when the charging 
and pouring times are a minimum percentage of the 
total time. 

The manufacturers of the Ajax-Wyatt Vertical 
Ring induction furnace give as representative results 
with this furnace the data of Table XX. 


Fig. 73. 


Courtesy Ajax Metal Co. 


A Typical Installation of Two 60-kw. 220-volt Single-phase Furnaces 


of the Vertical-ring Induction Type in Operation in a Foundry 


TABLE XVIII 


ANALYSES OF POURINGS FOR LEAD CONTENT 


FIRST POURING LAST POURING 


Heat No 
Cu Pb Cu Pb 
1 64.44 1.03 64.38 1.05 
2 64.38 1.01 64.38 1.08 
3 64.27 1.09 64.24 Lag 
4 64.49 1.10 64.52 1.02 
TABLE XIX 
Alloy Pouri errant di Kw-hr. Per Ton 
60 Cu 40 Dinu 1850 deg. F. 172 
65 Cu 35 Zn....... 1960 deg. F. 186 
66.7 Cu 33.3 Zn.... 2000 deg. F. 192 
70 GG OO Dn ees 2070 deg. F. 200 


(**) Heuer: “The recip Furnace in the Brass Mill Casting Shop,” 
Jour. Ind. and Eng. C . Vol. 14, p. 1021. 


TABLE XX 


Foundry Operation: 9 hr. per day. : 

Product: brass, 75 Cu, 23 Zn 2 Pb medium weight castings, 
7 lb. per mold. 

Charge: Clean medium-weight scrap and ingots. 

Pour: 500 to 800 1b. 

Average melting time per heat (600 lb.): 60 min. 

Production (8 heats per day): 214 to3 tons per day. 


Melting Cost 
Energy consumption, 275 kw-hr. per ton (includes Pe? Ton 
stand-by nights and week ante) at 2 cents per 
iad fob Eo heh aie Meee ehe oe $5.50 
Rane Tie, GOO LOU8 Is 2 6 os meee oa andl wand 0.30 
LEAT Sole aoc 5.5495 be SBE OS Rete aS 0.18 
Metal loss (0.5 per cent) at 11 cents perlb........ 1.10 
Labor Ot GG Gents Der Uit.s 6a. ee tht a hwnd 4 HIT 
E CA TaT 9569-5 T OE EE ROET 0.40 
Total Cost per ton of brass melted......... $8.65 


Refractories 

The vital part of any melting furnace is the refrac- 
tory lining. This is a general subject common to all 
types of furnaces and is reserved as the subject mat- 
ter of a later_article of this series. 


(To be continued) 
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The Neon-electric Stroboscope 


By E. E. STEINERT 


Engineering General Department, General Electric Company 


BOUT three years ago there arose an urgent 
A need for a stroboscope that could be used in 
the study of power system stability. The sys- 
tem involved in the study consisted of an alternator, 
a synchronous condenser, a synchronous motor, 
and two ‘“‘ r” sections of line. Among other things it 
was necessary to measure various displacement 
angles caused by different load conditions. This need 
brought about the development of the neon-electric 
stroboscope. It is the purpose of this article to review 
some of the previous types of stroboscopes, and to 
describe the new form developed by C. A. Nickle. 


Diagram of a Simple Form of Stroboscope 


Fig. 1. 


Disk Transformer 


i Lamp Condens 


Supply 110 v., 60 cyc. 


Fig. 2. Diagram of the Neon-electric Stroboscope 
General 
The word ‘“‘stroboscope,’’ derived from Greek, 
means ‘‘whirling mark.” A stroboscope usually 


consists of a disk rotating with the shaft of the 
machine under consideration and is provided with 
some device which allows it to be seen by the eye 
only at certain regular intervals. The operation 
depends on the property of the eye to retain an 
image. For example, if a moving object attains a 
certain position twenty times or more a second, and is 
allowed to be seen by the eye only when in the stated 
position, it appears to be stationary. There are a 
variety of stroboscopes designed to meet specific 
problems. A simple form is shown diagrammatically 
in Fig. 1. 

If the motor in Fig. 1 is a four-pole synchronous 
machine, there is utilized in the procedure a disk 
having four black and four white sectors equally 
and alternately spaced. The disk is attached to the 
motor shaft and rotates with it. Light is furnished 
by an electric lamp (usually a carbon arc) connected 
to the a-c. supply and giving to the disk an illumina- 
tion which pulsates at a frequency twice that of the 
a-c. supply. 


Action 

If in the case under consideration the motor is 
connected to a 60-cycle supply, it will run at 1800 
r.p.m., or 30 r.p.s. The current through the arc will be 
positive for one-half cycle and negative for the next 
half cycle, but the light intensity will be the same for 
each half cycle. Thus the pulsations of light from the 
arc lamp will have a frequency equal to twice that of 
the supply, or 120 cycles per second. While the disk is 
turning through 90 degrees, the intensity of illumina- 
tion passes through one cycle. During the next light 
cycle, the disk moves through another 90 degrees and 


Fig. 3. The Neon-electric Stroboscope 


allows a second image to be registered. Suppose the 
first image shows the white sectors in positions as 
indicated in Fig. 1; then in the second image, sector 
two occupies the position previously occupied by 
sector one, sector three occupies that of sector two, 
etc. If the intensity of illumination is great for a very 
small portion of each cycle, the shift 1n sector position 
is not detected. Thus the impression transmitted to 
the observer is that of a stationary disk. Usually, 
however, the image is blurred because the light 
furnished by the a-c. arc, instead of giving an instan- 
taneous flash each cycle, has a more or less continuous 
variation. 

In any study which requires precise measurement 
by the use of a stroboscope, it 1s necessary that 
the image recorded by the eye be very sharp. This is 
particularly the case when it is desired to measure the 
displacement angle of a synchronous motor. 


Types of Stroboscopes 
One form of stroboscope") makes use of a slotted 
disk, back of which is located a small neon lamp. 


WMA Simple Method of Determining Slip of Induction Motors and 
Torque Angle of Synchronous Motors by Means of the Neon Lamp,” by W. 
Maserve and D. Ramadanoff, Sibley Journal of Engineering, June, Oa 
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the neon lamp being chosen because of its nominally 
instantaneous responsiveness to applied voltage and 
because of its low thermal capacity which prevents its 
continuing as a light source while the voltage wave is 
crossing the zero axis. When the disk revolves, it 
interrupts the passage of light’ between the neon 
lamp and the observer. In this connection there is 
described also an ingenious method of reading high 
values of induction motor slip by means of two disks 
and a system of pulleys. 

Another form of the stroboscope is that of Dr. D. 
Robertson in which the light interruption is 
obtained by means of an electrically-driven tuning fork 
placed between a segmented disk and the observer's 
eye. The prongs of the fork have slotted alumi- 
num wings. With the fork vibrating, light reaches the 
observer’s eye when the slots are opposite and 1s cut off 
when they are not opposite. Thus the number of inter- 
ruptions per second depends on the fork frequency. 

Still another form is that of Dr. C. V. Drysdale 
which makes use of a tuning fork, an induction coil, 
and a neon tube. The tuning fork, which is electrically 
driven, makes and breaks the primary current of the 
induction coil. The secondary of the coil is connected 
to the neon tube. Thus the vibrating fork causes the 
neon tube to flash, producing the usual stroboscopic 
results. 

Of particular significance is the fact that all previous 
stroboscopes which give a fair degree of accuracy 
involve moving parts in addition to the rotating disk. 


Reduced Cross 


Magnetic Shunt 
| r 
Section 


Primary 


secondary 


Fig. 4. The Special Transformer 


Neon-electric Stroboscope 

The new or neon-electric form of stroboscope is 
unique in that it has no moving parts except the disk. 
This stroboscope consists of four parts: a special 
transformer, a condenser, a neon lamp, and a disk. 
The description of these parts will follow. Fig. 2 
shows the general arrangement of the parts. The 
transformer, condenser, and neon lamp are enclosed 
in a case (see Fig. 3) for protecting the lamp against 
breakage and the operator against high voltage. 


(3) Miles Walker: The Diagnosis of Troubles in Electrical Machines.” 
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The only electrical connections to the case are those 
leading to the transformer primary, which operates 
from a 110-volt 60-cycle supply; and the only 
technique required in its operation is to place 
the box where the light can fall upon the disk. No 
tuning or adjusting is necessary. Moreover, one 
looks directly at the disk, and not through slots 
or past vibrating parts. Hence it has the merit of 
great convenience. 


Fig. 5. A Laboratory Set-up with the Neon-electric Stroboscope in 
Position but Without the Neon Lamp in Operation, for which 
Reason the Arrows on the Rotating Dssk Are Invisible 
(See cover illustration) 


The element which makes this stroboscope effective 
is the special transformer shown in Fig. 4. To describe 
its action it will be necessary to treat the functioning 
of the various parts separately. It is a well-known fact 
that the voltage induced in a coil is proportional to 
the rate of change of flux with respect to time. Thus, 
if a transformer is supplied with a sine-wave voltage, 
and saturation does not occur, the secondary voltage 
will also be a sine wave. With an approximately 
rectangular flux wave, as shown in Fig. 6; the voltage 
wave will consist of lines perpendicular tothe time axis. 

For the purpose in hand, the flux wave of Fig. 6 
would be the one to strive for, because it would 
produce instantaneous flashesin the neon lamp. Even 
ordinary grades of transformer iron will give a slightly 
peaked voltage because of saturation; and special 
grades which saturate readily, and thus permit only 
a very slight increase of flux after the knee of the 
curve is passed, might further increase the peaked 
effect. However, to radically accentuate the peak of 
the induced voltage wave, a magnetic circuit was 
constructed which had one part of much smaller 
cross-section than the remainder (see Fig. 4). 

The effect of the reduced section is to increase the 
rapidity with which the core becomes saturated and 
thus give a flux wave which approaches rectangular 
shape. Hence the voltage generated in the secondary 
is characterized by a sharp, well-defined peak. The 
nature of this wave shape (Fig. 7) was determined in a 
test by means of an exploring coil and the oscillograph. 
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Still better results were obtained by tuning the 
secondary circuit with a condenser. With this arrange- 
ment, an oscillogram of voltage in the secondary was 
obtained, the nature of which was determined by 
test and is shown in Fig. 8. 

This voltage wave, when impressed on a suitable 
neon lamp, produces the sharp flashes of light which 
are essential for satisfactory operation of the strobo- 
scope. There remained one difficulty to be overcome in 
the use of the oscillatory voltage wave, viz., that the 


Fig. 6. Rectangular Flux Wave and Induced Voltage 


Fig. 9. 
with Load 


Fig. 8. Tuned Secondary Voltage 
Obtained Through the Use 
of a Condenser 


neon lamp responds not only to the first peak of the 
cycle, but also to the second and third peaks. How- 
ever, there was no difficulty in distinguishing the funda- 
mental image from the others, for it is much brighter 
and is separated from them by a considerable distance. 

There is another factor entering to aid the lamp 
design, and that is the effect of transformer load on 
the sharpness of tuning. Increasing the secondary 
load produces not only the detrimental effect of 
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making the peaks flatter, but it produces also the 
favorable result of decreasing the secondary peak 
with respect to fundamental peak (see Fig. 9). 

The neon lamp was designed to operate on a com- 
promise wave shape (Fig. 10) between that of Fig. 8 
and Fig. 9. The result is that a single sharp flash of 
high intensity is obtained each half cycle. 


Fig. 7. Secondary Voltage Generated by 
the Special Transformer Used with the 
Neon-electric Stroboscope 


Fig. 10. The Wave Shape for which the Neon Lamps 
Are Designed to Operate in the New Stroboscope 


Another feature of the transformer is the magnetic 
shunt shown in Fig. 4. By varying the air gap between 
the shunt and the primary core, the primary current 
can be adjusted with respect to the resultant variation 
of light intensity from the neon lamp. The shunt also 
makes the transformer more compact, since without 
it an external reactance would be needed. During 
some tests, a small exploring coil was wound on the 
shunt and oscillograms taken. The voltage induced 
in this coil by flux passing through the magnetic 
shunt is shown in Fig. 11, while the voltage applied 
to the transformer primary is shown in Fig. 12. The 
sudden dip in voltage wave shown in Fig. 11 occurs 
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when the restricted magnetic section between the pri- 
mary and secondary windings becomes non-saturated. 


Disk 
It is not necessary to have a very large disk to 
secure quite precise measurements. In the case men- 


Fig. 11. Voltage Induced in Exploring Coil Used in Making 
Oscillographic Investigations of Stroboscope Performance 


tioned earlier in this article, black disks one foot in 
diameter were used. The marking employed consisted 
of a j4-in. radial white line. (Enough equally spaced 
lines must be employed so that the frequency of 
appearance of the image shall be at least twenty per 
second. Furthermore, the number of lines must be an 
integral divisor of the number of poles on the machine 
to which the disk is attached.) Lines as narrow as 
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One of the Synchronous Motors Installed 
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0.02 in. have been used on a one-foot disk rotating at 
1800 r.p.m., giving readings which were accurate to 
within 0.02 in. at the periphery of the disk. Thus 
the effective duration of illumination of the disk 
is about 1/50,000 of a second for each flash of the 
neon lamp. 


Fig. 12. Primary Voltage Wave Applied to 


Stroboscope Transformer 


Summary 

The success with which the neon-electricstroboscope 
has been used in recent tests is a direct result of its 
high degree of accuracy, which is possible only because 
of the extreme clearness of the image. Other features 
of this type of stroboscope are that it 1s compact and 
quite rugged. Also, it is as portable as an ordinary 
voltmeter. 


Synchronous Motors Replace Steam 
Engine in Paper Plant 


A 250-hp. Corliss engine, belted to four beaters in 
the Camden (N. J.) plant of the West Jersey Paper 
Mfg. Co., has been displaced by two 140-hp. 600- 
r.p.m. 440-volt 60-cycle 0.8-p-f. synchronous motors 
each driving two beaters. 

These motors not only provide the power-factor 
correction that was needed but successfully accelerate 
and carry the load. With the beaters filled with 
pulp under certain conditions, and particularly when 
working manila rope stock, the partly ground stock 
has a tendency to pack between the beater rolls and 
the housing. To obviate this difficulty it was found 
that by modifying the control so that the motors 
could be given a jogging start, in the reverse direc- 
tion, the mass in the beater is loosened. On again 
reversing to standard rotation, the motors pick up 
the load without difficulty. 
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PART II 


TYPES OF COMBINED LIGHT AND POWER NETWORK SYSTEMS 


Central Station Engineering Department, General Electric Company 


hold appliance loads predominate, the single-phase 

transformer is used to supply three-wire secondary 
mains to which the consumers are connected as 
shown in Fig. 5. The voltage supplied at the socket 
may be 110/220, 115/230 or 120/240.. The 115/230 
predominates and is the standard preferred by the 
N.E.L.A., while the other voltages are recognized 
departures from the standard. The National Electric 
Safety Code requires that the circuits supplying 
lamps and appliances must be grounded so that the 
nominal voltage to ground does not exceed 150 volts. 
In order to meet this requirement, the neutral of 
the three-wire circuits is grounded. Wherever motor 


T: residential areas, where the lighting and house- 
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Fig. 5. A Three-wire Secondary Distribution System for Supplying 
Power for Lighting and Household Appliances 


loads are encountered the electric service company 
usually specifies that single-phase motors must be 
used in applications of 714 hp. or less. The dis- 
tribution cost to supply three-phase service is exces- 
sive for such small ratings. Three-wire services with 
three-wire meters are used for the larger loads occa- 
sionally encountered. 

The motor load predominates in the industrial 
areas. Where the load consists of 220-volt motors, 
the delta-connected transformer secondary is used 
almost universally. The consumer's lighting load, 
being a small percentage of the total load, is supplied 
from a separate single-phase transformer in some 
cases; in others, it is supplied from one phase of the 
power transformers as illustrated in Fig. 6. The latter 
method 1s more economical than the former, but is 
limited to applications where the motor load char- 
acteristic is such that the motor starting currents 
will not cause objectionable flicker. The transformer 
on the phase supplying the lighting load is usually 
greater in capacity than the other two. The unbalance 
on the primary circuit is as a rule not objectionable 
because the lighting load is small and different 
phases are used for the lighting load of different 


consumers. The combined light and power supply 
requires three-coil protection on the control equip- 
ment because of the ground. 

The power consumption in the commercial areas 
of large American cities is divided approximately 
into 50 per cent lighting and 50 per cent motor load. 
Some of the smaller cities may show various ratios 
approaching 90 per cent lighting and 10 per cent 
motors. An appreciable percentage of the motor 
load in the commercial area is made up of numerous 
small consumers. The d-c. Edison system now 
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Fig. 6. A Method of Supplying a Lighting Load from One Phase 
of a Power Transformer that Furnishes Motor Service 
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Fig. 7. The Y-secondary System of Distribution for Supplying 
Combined Lighting and Motor Loads 


supplies both lighting and power loads from a single 
set of mains. It is very desirable to likewise supply 
light and power from a common set of mains when 
an a-c. network is used. The reasons for this are 
obvious, such as the diversity between light and power 
loads, the saving in duct and transformer vault 
space where there is already so much congestion, the 
use of one set of meters for certain loads where the 
rate structure permits, and the simplicity. The com- 
bined light and power a-c. network, however, presents 
several problems of a practical nature which are very 
important and very complex owing to the prevalent 
voltage standards of the devices constituting the 
load and existing practices of distribution and meter- 
ing. There is also the additional technical problem 
of motor starting currents causing lamp flicker due 
to the voltage drop in the reactance of the transformers 
and secondary mains. 

A combined light and power network should permit 
the load to be easily balanced over the phases, 
should permit grounding to limit the voltage on 
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lighting circuits below 150 volts to ground, and should 
have the same nominal voltage for lamps as the 
circuits that are not in the network area. 

About fifteen of the networks now installed use 
the Y-connected transformer secondary illustrated 
in Fig. 7. The lamps are supplied from phase to 
neutral and the motor load from the phase wires. 
Most of the networks supply 120 volts for light and 
208 volts for motors measured at the customer’s 
meter. A much smaller number of networks supply 
115/199 volts. There are two important things to 
consider when contemplating this system. The first 
is that the voltage supplied to polyphase motors is 
appreciably below the standard rating of 220 volts. 
The second is that the three-wire service for lighting 
precludes the usual three-wire meter, and requires 
either two single-phase meters or the two-element 
poly phase meter because the voltage across the phases 
is 30 deg. out of phase with the current in the line. 
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Fig. 8. Approximate Efficiency Curves for a Standard 
Induction Motor 


The various operating companies who have adopted 
the Y-secondary system have advanced the following 
reasons for their action: 

(a) The standard 220-volt induction motor is 
designed to operate successfully on potentials as 
low as 198 volts. 

(b) The great majority of motor applications 
have larger motors than necessary for successful 
performance. (Various estimates are given, such 
as that 75 per cent of the motors are 50 to 60 per 
cent loaded). 

(c) The network system will be regulated to give 
a plus or minus variation of three to four per cent, 
which is far better than now given on the usual 
power circuit. (This accounts for the large number 
of 120/208-volt systems, since a variation from 
200 volts to 216 volts is above the lower limit of 
198 volts.) 

(d) The power-factor is slightly improved above 
70 per cent output, and the efficiency slightly 
decreased but it is increased below 70 per cent 
output which covers the great majority of motor 


applications. The speed is not appreciably affected, ° 


141 


(The approximate characteristics of standard gen- 
eral-purpose 220-volt motors at 90, 100, and 110 
per cent voltage are given in Figs. 8, 9, and 10.) 

(e) In the very few cases where the load is such 
as to demand full voltage applied to the motor, 
auto-transformers may be used to step up the 
voltage. (These cases are estimated to be less 
than 5 per cent of the total number of installations. ) 

(f) An increase in the lighting voltage to 120 
volts makes 208 volts available for motor service, 
and this is adequate as mentioned in Item (a). 
Standard lamps of 120 volts rating are available; 
and large operating companies report that, in 
their experience, no difficulties are encountered 


oS 10 20 30 40 
Percent Normal Output 


Fig. 9. Typical Power-factor Curves for a Standard 
Induction Motor 
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Fig. 10. Approximate Slip Characteristics of a Standard 
Induction Motor 


with conservatively rated 110-volt appliances 

even though the voltage variations exceed the 

manufacturer’s limit of 120 volts maximum. Also, 
that distribution transformers may be excited 
above 120 volts to maintain 120 volts at the service. 

(Some companies find it too difficult to raise their 

system voltage to supply 120 volts.) 

Two companies already using two-phase for 
distribution purposes considered the three-phase 
Y-connected system when planning their network; 
but in view of the subnormal voltage supplied to 
motors, the three-wire metering difficulties, and the 
cost of changeover from two-phase to three-phase, 
decided to continue two-phase operation with the five- 
wire connection shown in Fig. 11. These two com- 
panies consider their demand for two-phase motors 
large enough to assure their consumers of no difh- 
culty in readily obtaining two-phase motors. Aside 
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from this consideration this system fits present voltage 
standards and meter practice perfectly. 

Three other companies of moderate size consider 
it preferable to accept a more expensive system than 
to adopt a system which supplies subnormal voltages. 
One of these companies installs two sets of mains 
with auto transformers stepping up the voltage from 
the lighting mains to the power mains as illustrated 
in Fig. 12. Another company uses a similar system 
except that the transformer secondary winding 1s 
extended to 133 volts and a tap is provided at 115 
volts as shown in Fig. 13. The 18-volt portion of the 
winding presents difficulties to the transformer de- 


Transformer Secondary 


Fig. 11. A Two-phase Five-wire System for Supplying 
Lighting and Motor Loads 


Auto-transi{ srmer 


Transformer 
Secondary 


Fig. 12. Auto-transformers Used in Conjunction with a 
Lighting Supply Circuit to Provide for a Motor Load . 


Transformer 
Secondary 


Fig. 13. A System Providing Proper Voltages for Lamps and Motors 
Through the Employment of Transformer Taps 


signer when parallel operation of different sizes is 
required because of the small number of ‘turns and 
the high voltage per turn. Neither of these systems 
eliminates the three-wire meter difficulty. 

The third company uses the well-known delta 
secondary illustrated in Fig. 6. The network is 
segregated into three separate areas in order to 
balance the load on the three phases. The installed 
transformer capacity on the lighting phase of a 
particular area exceeds that on the other phases. 
This system, of course, fits standard voltages and 
permits the usual three-wire meter practice. The 
necessity of three separate phase areas is the reason 
why this system 1s not more generally used. The 
delta-connected secondary also presents difficulties 
in the relay characteristic for the automatic net- 
work protector now extensively used. This company 
proposes to try out the so-called translator svstem, 
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employing devices which are essentially auto- 
transformers for tying together the secondary mains 
into one large network with the lighting load on a 
different phase in different areas. 

The translator network may be understood by 
referring to Fig. 14, 15 and 16. The connection of the 
translators between two transformers having different 
phases grounded is shown in Fig. 14. The vector 
relation of the two transformers is shown in Fig. 
15. The translator is simply an iron core with four 
115-volt coils as illustrated in Fig. 16. The vector dia- 
gram in Fig. 15 shows that there is a difference of 
potential of 115 volts between A, and A2, Bı and Bz, 


Transformer 
Secondary 


Fig. 14. The Translator Netwcrk, Consisting of a Combination of 
Mid-point Transformer Taps in Separate Phases and 
Special Devices for Supplying Lighting Loads 


Fig. 15. Diagrams Showing the Relationship of Voltages 
in the Translator System 
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Fig. 16. Elementary Construction of an A-c. 
Network Translator 


Cı and C: due to the grounds on the different phases 
being at zero potential. Coil a connects A, to As, 
coil b connects Bı and B: and coil c connects Cı to Cz. 
Therefore, each coil 1s energized at 115 volts and 
excites the iron core. Suppose the hghting load on 
Bank 2 is very heavy and some of this load is supplied 
from Bank 1. A current will flow from A; to 42 
through coil a and from B: to B, through coil b. 
If the lighting load is on Bank 1 then Bank 2 will 
likewise supply current which will flow from B: to Bı 
through coil b and from C, to C: through coil c. 
The arrows show clearly that the load currents flow 
through the coils in opposite directions and therefore 
pass readily through the translator as they would 
through a one to one ratio transformer. [t is also 
evident from the arrows that a heavy three-phase 
load may be readily passed through the translater 
hecause the current in one coil is equal and opposite 
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HEAVISIDE’S OPERATIONAL CALCULUS 


to the vector sum of the currents in the two other 
coils. Fig. 15 also shows the diagram for Banks 2 and 3. 
The load is always carried by coils a, b, and c unless 
the lighting load is unbalanced; then coil d carries 
some of the current. The chief function of coil d is 
to maintain the three-phase relation when the trans- 
formers of a particular section are removed. Suppose 
transformer No. 1 is removed. It is then obvious 
from Fig. 15, that coils d and c are in series across 
Az and C: and that conductors A; and B, are main- 
tained at the same position as when the transformer 
is energized. Therefore, coil d need only be designed 
for a small percentage of the current rating of the 
other coils. 

Each of the coils a, b and c should be designed with 
the same current-carrying capacity as the cables 
connected to it. The translator is preferably located 
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between transformer vaults; but usually subway 
conditions demand that they be located in the trans- 
former vault. It is obvious that this system requires 
an additional piece of apparatus at an increase in 
cost, losses, space requirement and maintenance. 
All of these are borne by the electric service company 
and none by the consumer. The consumer is not called 
upon to operate his single-phase devices at excessive 
voltage or his polyphase motors at subnormal voltage. 
It seems, therefore, that the selection of the trans- 
later system must be upon the grounds that the 
electric service company does not want to run any 
risk of inconvenience to, or complaint from, the 
customer but prefers to accept the extra cost and 
complications of the translater. The electric service 
company also gains the advantage of being thus enabled 
to use standard 3-wire meters on three-wire circuits. 


(To be continued) 


Heaviside’s Operational Calculus as Applied 
to Engineering and Physics 


Part IV: 
Part V: 
Part VI: 


The Expansion Theorem Applied to Some Definite Problems 
Operations on Unit Function Squared Have No Physical Significance 
Additional Operators Employed when a Network is Suddenly Connected 


to an Alternator Instead of to a Battery of Constant Voltage 
By DR. ERNST JULIUS BERG 


Consulting Engineer, General Electric Company 
Professor of Electrical Engineering, Union College 


illustrate the application of the Expansion 
Theorem to the problem cited in Part II when 

a leaky condenser in series with a resistance 1s 
suddenly connected to a storage battery of potential 
difference E, we have Z(,),=r+retrrpC. (See Equa- 


tion (8) and Fig. 7 in Part IT.) 
Therefore Zıp =0 gives p= — fae 
TTC 
r+r 
and 
Pı rroC 
ag = rroC 
d 
: dz 
Therefore p-—=prnC 
dp 


p% tor p=pi= — Tt! xmnC = - (rt) 
dp | 
Viet eee ee 
TT» T2 re 
Yoo 1 | 
Z (0) +r, 
r+re 
Therefore i=E[——+—"_ cre" | 
r+r te (r+re) 
Poros ana O,1= E , 
T2 r+r 


It is of interest to note that the initial and final cur- 
rents can always be obtained directly from the oper- 
ational solution. In this case 

rtre+pCrre 


When we remember the shape of the unit function, 


(19) 


d 
we realize that for t=0, P= o;fort=o, p=0. 


Therefore, for t=0 when p= œ or is very large com- 
pared with any finite quantity, we get 

-Eptr, -E 

pCrre ro 


(2) 
For t= 


. 1 
œ, p=0, and therefore 1= E 
r+r 

(?) The operational solution is the solution of the permanent alternating- 
current condition when vector representation is used if for p is substituted 
jw, thus p? = — w’, p3 = —ju'. etc. 

Heaviside brought out this fact in 1892, or perhaps earlier; it had also 
been shown by Kennelly in 189 2. 

The proof 1s simple when it is recollected that a convenient equation of 
a revolving vector is: 


I=] 
Thus S I =pI = jwl es =jwl 


Referring then to Equation (19) 
perk —U (L+jurC) _ 
° er r+r: +j a(r: 


r? 
r+r: +7 rı+j 


=E —— = 
s r 
(r +r2)? + —r3? 
xte 


where x = —.’ 


wC 
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Other examples involving complex roots will be 
given in Parts VII and VIII. 

The operational equation brings out some other 
interesting features. Sincefort=0, p= ©,and fort= œ, 
p=0, it is evident that if the denominator is of a 
higher power of p than the numerator, the initial cur- 
rent must be zero. 

If numerator anddenominator are of the same power 
in p, the initial current is of a definite value, not zero. 

If the numerator is of higher power of p than the 
denominator, then the initial rush of current is in- 
finite; but after an infinitely short time it decreases to 
a definite value. It might be well to say here that this 
condition can never be met in any actual problem, 
whether mechanical or electrical. It would exist in 
the case, for instance, where a condenser is suddenly 
connected to a battery with wires of no resistance, 
which obviously is impossible. 

However, even then the method throws some light 
on the subject. We would obviously expect to find an 
instantaneous infinite rush of current during an ex- 


idt would be the 


charge which corresponds to the voltage impressed. 
The operational solution obviously is: 


ceedingly short time such that f 


1=E Z 4=pCE1 
pC 
which means an instantaneous rush of current of in- 
finite magnitude and the daves 208. which is 
the proper charge. : 


Problem 

A condenser made up with two different kinds of dielec- 
tric 1s suddenly connected to a storage battery of voltage 
E as in Fig. 8. Find the charge on the middle plate. 

Let the leakage conductance and the capacity of 
the upper portion be g, and C and the corresponding 
values for the lower part be ge and Cz. Let e, be the 
instantaneous voltage consumed by the upper part 
and ez that of the lower part, then the current taken 
by the upper part is obviously 1;=e (git pCi) (the 


resistance operator of the condenser being the 


ned 

1 PCr 

corresponding admittance is 4? Similarly, the cur- 
pCi 

rent taken by the lower part is ez (g2+ p C2). 

two currents are obviously the same. Thus 


eı (git p Ci) =e2 (e+p C2) 


These 


Bute:te.=E1. Therefore 
El= 1 1 
gtpcr got ple 


(git pCi) (+p) 4 
gitgetp (Cit) 


or1=E 
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Therefore 
ae; = i = [* > ktpC: 
te,  g+e+p (C+C) 


and the charge on the top plate is 


g+p C2 


€i G=E Ci SSS ER 
gitgetp (Ci+C:) 


The corresponding charge on the top side of the middle 
plate is numerically the same but of course with minus 
sign. 

Consider next the lower part of the condenser. Its 
upper plate has a charge equal to Cze which is easily 
shown to be 


Cheek G o atp 4. 
Litgetp (Ci +C?) 


Fig. 8 


Thus the total charge on the middle plate is 
Co (git p Ci) —Ci (e+p C2) 


q=E 
g.tgetp (C_.+C2) 
EE > £1 Co— ge Cy 
Lit get p (Ci tCe) 
S A 4 
Gotp Co 
where 
A= Co— £: Ci 
Go= git 82 
Co=Citly 
This can be written 
aie Ay 
q pta 


where A= - 
0 

anda= Go 
0 


The solution can be written down at once by com- 
paring this equation with Equation (4) in Part I. Itis 


Ses 1+ 282 
Scores [ l— e C | 
£17 £2 


The student should verify this by the use of the 
Expansion Theorem. 
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Part V: OPERATIONS ON UNIT FUNCTION SQUARED HAVE NO PHYSICAL SIGNIFICANCE 


The student may be tempted to write the opera- 
tional expression for electric power and expect from 
this to get by the Expansion Theorem the instan- 
taneous values. He will fail because the operational 
solution will contain 41? and neither Heaviside nor 
anybody else has shown how to operate on 4°. 

To illustrate, assume that it is desired to find the 
power supplied to the inductance of an inductive 
circuit. The power is the instantaneous product of 
the voltage consumed by the inductance and the cur- 
rent flowing in the inductance. 

The operational solution for the current is 


E 
r+pL 


and since the voltage consumed by the inductance is 


E e 2 = 4 
: r+pL 


he might write 


o PL p 
(r+ pL)? 

anderroneously proceed to use the Expansion Theorem. 
It must be remembered that we know only how to 
operate on 47; we know nothing about rules of oper- 
ations on 4?. 

The solution is of course the product of the voltage 
and current when these are given as functions of t£, 
not of p. Thus the power in this case is 


r 


Incidentally this difficulty is similar to that en- 
countered when trying to get the power in an alter- 
nating-current circuit from the vector expressions of 
the current and voltage. The student will remember 
that the answer is obtained by ‘“‘telescoping’’ the 
vectors; ordinary multiplication does not “work.” 


PART VI: ADDITIONAL OPERATORS EMPLOYED WHEN A NETWORK IS SUDDENLY CONNECTED 
TO AN ALTERNATOR, INSTEAD OF TO A BATTERY OF CONSTANT VOLTAGE 


Referring to Equation (3) in Part I 


p f= et. 
p—a 
Thus 2 q= 7A when a=jw 
PJW 
iti gt | p p 
tw =, L1- -2-1 | 
2] 271 Lp—-j;w = ptyw 
=? [ee ee] oe ae | 
2) p +w’? p +? 
r 
L 


Fig. 9 


This shows how a sine wave can be converted to 
a “Unit function.” 


ee sin wt 2 
Similarly coswt=p —— = oe ee 4 (3) 
w pet w? 
Therefore sin (wt +g) = sin wt cos Y += Cos wt sin e 


_ pwcosy +p sing 


pP +o) 
and cos (wt+ p) ey icon TA 
ppw? 
This relation the writer believes was first shown by 
Pleijel. 
Similarly 


pw cos p+ p (p+8) sing | 
(p+ B8)?+o? 

e€” cos EETA (p+ 8) cos = pw sin ¢ 4. 

: (p+B)?+w? 


(?) For the development of p” sin wi where n is a fraction, see Part XXVI. 


e "sin (wi+¢) = 


In connection with the last two equations it should 

be noted that, while «7% = ae 4 and sin wi = one 1, 
p+6 p?+w? 

e ™ sin wt cannot be obtained directly by multiply- 

ing the two operators because the resultant operator 

would involve the unit function squared.. 

An application of these operators will be given in 
the case of an alternator of e.m.f. E sin (wt+y) being 
suddenly (at t=0) connected to an inductive circuit as 
shown in Fig. 9. 

The procedure is to write first the operational solu- 


tion as if unit e.m.f. were impressed. It is7= 


Pee 4. 
Then introduce the additional operator which con- 
verts the sine wave to a wave of unit function. Thus 
the operational solution becomes 


E wp cos yt fp? sin g 


- 5 
1 AL wtp (20) 

Therefore Yip = wp cos y+ p’ sin g 

and Lib) = (r+ pL) (wt p?) 


The solution of Equation (20) gives the instan- 
taneous values of the current. The denominator is of a 
higher power of p than the numerator, thus the initial 
current value is zero. But in this case we cannot say 
that for t= æ, p=0. It is not zero because the final 
current is obviously not steady. If we desire to know 
the final value without solving the equation by the 
Expansion Theorem, we mav resort to the vector 
representation as discussed previously and write 


where p= )w. 
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Therefore 
E 
r+jwL 
which is the well-known solution. 


It 1s now perfectly simple to solve Equation (20) by 
the Expansion Theorem. Since Zip = (r-+pL) (w?+ p?), 


r 
we get three roots, pı= — T p:= g p:= —7]w. We 


Z 
proceed then to find d =? and then Pa 


dZ (p) 
dp do , for p= fP, 


p: and ps, etc. 


The result will be three terms (=! } is easily seen to 


(0) 
be zero in this case), v7z., 


Ae L' HB” C“ 


The last two terms will combine to a pure sine wave 
without decrement and are, therefore, the permanent 
condition, which usually is well known to engineers. 

In this case the permanent alternating-current is, 
of course, 

E. o 
nR sin (wit+y— æ) 


so that it is only necessary to calculate the value 
of í from the Expansion Theorem for the root 


p=p:= = and then to add 2, to the solution. 


However, the solution is not always so easily ob- 
tained. We will therefore consider a general simplifi- 
cation of work when the denominator Z;p is in the 
form of a product. 


Let Yip) n Yip) 
Zip) hig: hrp) 
Therefore 
dZ ») 
Z'o) = ae = hiep) he’ (py Hhapy hi" ip) 
and pZ" (py = f [harp hip thg) hi'i) 


When in this expression we substitute the root or 
roots obtained when hip) =0, we get only the second 
term left since kip) obviously becomes zero. A similar 
argument applies in regard to the second set of roots, 
so that the net result is, for instance, in case hy») 
has only one root, pı, and F two roots, p: and ps3, 


Y Y 
i= E| 72 og Yod 5 p=p 
Zio) T Pao hi’ cp) 
Yin 
ya — for p=p» 
php) ha'cp) 
Yip) a for p=p] 
phic) he’ y) 


This relation the writer believes was first worked out 
by Pleijel or Herlitz. 
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In the particular problem under consideration 
hy») =r+ pL; therefore h'i =L and phy’, = pL 
har») = w+ p?; therefore h'i =2p and phy’) = 2p? 


Thus Phar) h'e = PL (w?+ p?) 
and hry) h'a = 2p? (r+ pL) 
Pha») hi'(») for p= pi becomes — z a 
where 22 = 72+ wy? Lh? = 7? + x? 
Yp) for p= pı becomes z i sin (g—a). 
where tan a= Ž 
r 


Thus the first term becomes 
oe ees) 
z 
phy») he'(») for p = p: = jw becomes — 2w? (r+jwL) 


Y(») for p = p: =w? (f cos ¢— sin ¢) 
Therefore 
Yip) 7 cos y—SiNn y 
Phi cp) he’ (p) —2 (r+jwL) 
_ cos +7 sin p _ cos (y—a)+y7 sin (p— p—a). 
27 (r+jwL) 2jz 
Yep) J cos g+sin ¢ 
Phi) o 2 (r—jwL) 
_ —cos ¢ (y—a) +7 sin (p-a), 
2 7z 


for p= p: = 


or p= p3= 


Thus the last two terms become 
E eit tot 
3 ee ier 
2 2] 
E. 


T (wity—a) 


which is the permanent value and the solution is 


J wt jwt 
+sin (y— a) E] 


2 


i= E [ sin E EER E u sin (e— a) 
z 


The process is somewhat lengthy, but as has been 
stated, when it is once done, it is known that the roots 
+7w give the permanent condition, so that it is really 
only necessary to calculate the condition for the other 
root or roots, if the permanent condition is known. If 
not, it is simplest to obtain it first in vector form by 


E14 
r+pL 


substituting jw in the operational solution, := 


in this particular case. 

This problem will be treated in an entirely different 
way in Part XXVI. The object then will be to bring 
out certain peculiarities of power series developments 
and to show the application of Heaviside’s ‘‘shifting.” 


(To be continued) 
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Vacuum Tubes as Oscillation Generators 


PART IV 


SPECIAL CONSIDERATIONS BEARING ON THE DESIGN AND OPERATION 
OF OSCILLATING CIRCUITS 


By D. C. PRINCE and F. B. VOGDES 


Research Laboratory, General Electric Company 


Grid Phase-angle Corrections 
N dealing with the design of oscillating circuits the 
I effects of the load resistance, the plate-choke, and 
the blocking condenser were described as though 
only their primary functions were fulfilled and, this 
accomplished, they exerted no other influence on the 
circuit. All three parts of the circuit can, however, 
affect its operation; and, though the changes pro- 
duced are usually small, it is satisfying to know just 
what may be expected. In general, the effects consist 
of the introduction of small voltages or currents into 
the simple scheme of things first described. This 
results in a small change in magnitude of practically 
all of the various quantities, combined with a slight 
change in the phase relations. 


(A) (B) 
Fig. 24. Effect of Load Resistance in a Hartley Circuit 


In order to simplify the discussion, only the 
fundamental frequency component of the current 
supplied to the oscillating circuit through the blocking 
condenser will be considered. The harmonics are 
relatively much less important, and their omission 
will entail no serious error. The value of the funda- 
mental component can be obtained by dividmg the 
watts input to the oscillating circuit by the voltage 
between the leads to the plate and filament of the 
tube. 

Fig. 24 illustrates the effect of the load resistance 
in a Hartley circuit. In (A) the oscillating circuit 
itself, AOBC, is drawn in such a way that the angles 
between various parts of the circuit correspond to 
the electrical phase differences of the voltages across 
them. Thus the grid coil OB and the condenser AC 
are in geometrically parallel sections of circuit, for 
they carry the same current, and both are pure 
reactances. The load resistance is drawn at right 
angles to them for similar reasons. Part of the load 
resistance might be located in the plate coil section 


AO, but this would not affect the diagram, as far as 
the object in hand is concerned, which is to show the 
relation between plate and grid voltages. It will be 
observed that the grid current has been neglected. 
This is not the case with the plate current, which may 
be represented by a sinusoidal current flowing between 
the leads to the circuit at A and O. For this reason 
the plate coil in Fig. 24 is not drawn parallel with 
the grid coi] but instead there is a phase difference 
between their voltages. For the present it will be 
assumed that there is no drop across the blocking 
condenser and no current passed by the plate choke. 
Hence, OA will be the alternating component of the 
plate voltage. 

The grid voltage will be represented by the dotted 
line OC in Fig. 24(A), and the plate current will be 
in phase with it. Thus, in Fig. 24(B), the plate voltage 
ep is drawn parallel with OA in Fig. 24 (A) and ty, the 
alternating component of the plate current, is drawn 
parallel with OC. The currents through the condenser 
and plate coil are 90 degrees out of phase with the 
corresponding valtages and are represented by 2, and 
1, perpendicular to AC and OA respectively. Adding 
the two vectorially results in 1,’, which must be equal 
and opposite to the alternating component of the 
plate current z,. It will be seen that 7,’ must always 
lag behind e, or, in other words, the oscillating 
circuit absorbs power not as a perfect resistance, but 
as a resistance in connection with an inductance. 
The circuit itself produces this effect by running 
slightly below the resonant frequency, thus drawing 
the lagging component of current by increasing the 
current through the inductance and decreasing the 
current through the capacity. The deviation of the 
frequency from that corresponding to the natural 
frequency of oscillation can be calculated by applying 
numerical values to the vectors. 

The corresponding phenomena in a Colpitts circuit 
are shown in Fig. 25, (A) and (B). In this case 1,’ leads 
e, by some angle which requires that the oscillating 
circuit operate slightly above its natural frequency 
in order to produce this power-factor. This self 
adjustment of the simpler types of circuit is a very 
valuable property under many conditions, as it 
automatically insures against serious losses due to 
the grid excitation being out of phase. 

In Fig. 26, (A) and (B) indicate the effect of the plate 
choke and the blocking condenser upon the operation 
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of the circuit. This is the same Hartley circuit as 
shown in Fig. 24(A) but the blocking condenser and 
plate choke are no longer considered to be perfect in 
operation. The alternating component of the plate 
voltage is, therefore, no longer represented by 
OA but by a vector OD displaced from OA by 
the addition of AD, the drop in the blocking con- 
denser. The plate choke may be considered to be 
grounded on the side next to the high voltage 


(A) (B) 
Effect of Load Resistance in a Colpitte Circuit 


Fig. 25. 


generator as far as the high frequency is concerned, 
so this choke appears as an inductance connected 
between O and D. 

By choosing a blocking condenser of the correct 
impedance, it is possible to bring the plate voltage 
OD exactly 180 degrees out of phase with the grid 
voltage, the conditions to be desired for efficient 
operation. This will result in the oscillating circuit 


plus the blocking condenser drawing a load with a- 


leading current component. This component may 
then be neutralized by arranging the choke so that 
it will draw a lagging current of equal magnitude. 
In the vector diagram 26(B), the current through AC 
is represented by 1, and that through AO by 1,. 
These combine to form a short vertical current vector 
to which is added the choke current, ïí, to form a 
total current equal and opposite to 1, supplied by the 
tube. The voltage across OA has been taken to be 
vertical, and, if the sum of 7, and 1, is vertical, the 
drop which this current causes in the blocking con- 
denser must be represented by a horizontal line. This, 
when added to that representing the voltage across 
OA, results in the alternating component of the plate 
voltage, ep. This voltage can, by this means, be made 
opposite to 71, and e,; t.e., by control of the drop in 
the blocking condenser. 

To make a complete calculation of a circuit, 
including the points just discussed, the circuit OBCA 
is treated as though the choke and blocking condenser 
were not present. This circuit may be equivalent 
either to a pure resistance between A and O (as shown 
in the vector diagram) or the equivalent load may 
contain some reactance. Let it be so proportioned 
that it will be equivalent to a resistance. The angle 
COA, and its supplement AOD, can then be calcu- 
lated. The equivalent resistance between A and O 
is known since it represents a given load at a given 
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voltage. The capacity reactance AD can, therefore, 
be selected so that AD/OA =tan (180°— AOC). 

The alternating voltage is impressed at D, and the 
circuit DAO will draw some leading current, the 
amount being easily ascertainable. It is then only 
necessary to choose the choke DO of such a value that 
it will draw the same amount of layging current. 

The procedure in arriving at the proper values of 
blocking condenser and line choke will be clearer if 
the solution of a numerical example is carried 
through. 

The first item to be determined is the ratio of the 
inductance on which the alternating components of 
the plate and grid voltage depend. In Fig. 26, the 
plate voltage is represented by OD and the drop 
across the inductance by OA; and it will be noticed 
that the two may be considered equal in magnitude 
unless the circuit 1s far from normal in design. The 
effect of the resistance in the grid inductance on the 
magnitude of the grid voltage can also be neglected. 
The two inductances will then be in the same ratio 
as the alternating components of plate and grid 
potentials, E, and E, respectively, as determined 
from the data on optimum operating conditions. 
Assume that this gives 


E,_OA_, 
E, OC — 
Let OA=100 ohms inductance with 5 ohms 
resistance. 


OB =25 ohms inductive reactance. 
BC =2.5 ohms resistance. 
CA =125 ohms capacity reactance. 


Then angle OAC = sin" =] deg., 27 min. 


(A) (B) 


Fig. 26. Effect of Plate Choke and Blocking Condenser 


If 100 volts be impressed across OA 
1,=1, watts in OA=(1,)?K5 =5 
1,=1, watts in BC= 17 K2.3=2.5 

Total watts =7.. 

oe | E? 1002 . 

Equivalent resistance = T =- =133380hms. It will 

1.5 


be arranged to have this circuit operate at the 
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resonant point so that its reactance between O and A 
1S zero. 
In the triangle AOC 


OA OC AC 
Sin ACO Sin OAC Sin AOC 
100" 2? 2 Gin ACO MOA 


Sin ACO 0.025 
Angle ACO =5 deg., 45 min. 
Angle AOD = Angle OAC+ Angle ACO =7 deg. 12 min. 


AD=impedance between A and OX tan AOD 
= 1333 X 0.126 = 168 ohms capacitance. 


The total impedance between O and D through A 
is 1343 ohms, so that the ratio between the plate and 
grid voltages suffers no appreciable change due to the 
presence of the plate-blocking condenser. If 100 volts 
are impressed between D and O, the current is 


1 
ue 0.0745 amp. 
1343 
A A T 
(°) 
c 6 ont 
(A) (B) (C) (D) 


Fig. 27. Special Circuits to Compensate for Errors in Phase of Grid Voltage 


and the wattless volt-ampere component is 
0.0745? X 168 = 0.933 volt-amperes. 

In order to correct for these leading volt-amperes, 
the choke should draw the same amount lagging, thus 
giving o 
_ 100? 

0.933 


DO = 10,700 ohms 

If the impedance of the plate-blocking condenser 
had been high, the desired ratio between grid and 
plate voltages would not have been obtained. It 
would then have been necessary to assume an initial 
value somewhat larger than desired for the final 
result, proceeding by a series of approximations. 
However, for other reasons, it is not likely that a high- 
impedance blocking condenser would be desirable. 
A high-impedance blocking condenser corresponds 
to a low-impedance choke which would allow radio 
frequency currents to flow in circuits with high 
effective resistance and thus, possibly, damage power 
generating apparatus. 

Proportioning the plate-blocking condenser and 
line choke is not the only method of bringing plate 
voltage and current into the 1S80-degree phase 
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relation. The angle OAC may be compensated for by 
de-phasing the grid in such a way as to cause the 
oscillations to occur at the natural resonant frequency 
and the plate current and voltage to be properly 
related. 

In Fig. 27, diagrams (A) and (B) show two methods 
by which a Hartley circuit may be restored to opera- 
tion at the natural resonant frequency of the circuit 


Smoothing Condenser 
(When used) 


Smoothing Reactor |, 
(when used) 


- 400 


Fig. 28. Circuit Used in Taking Oscillograms Shown in 
Figs. 30, 31 and 32 


with proper phase relations, while (C) and (D) show 
the two equivalent methods for the Colpitts circuit. 
In (A) the phasing is accomplished by connect- 
ing resistance CG and inductance GO in series. 
The grid is attached at G. The same result is 
accomplished in (B) by a resistance from O to G 
and a condenser from G to C. The elements are 
reversed in (C) and (D) to produce lag instead 
of lead. 

Although grid phasing may correct the various 
angles, it ts probable that adjustments of the 
choke and the blocking condenser are to be pre- 
ferred since these devices are normally present 
and so do not constitute added complication. 


Grid Bias Condenser 

It will be noted that no criteria have yet been 
developed governing the choice of a grid-blocking 
condenser. Since the function of this condenser is to 


r.f. Choke 
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Fig. 29. Circuit Used in Taking Oscillogram 


Shown in Fig. 33 


pass the alternating-current component of grid 
excitation without the occasion of serious voltage 
drop while forcing the direct component to flow 
through the grid leak or biasing resistance, its value 
is not critical. Its value should be large enough to 
make the grid-plate capacity small by comparison. 
The values of tube capacity are normally so small 
that this requirement causes no concern. The indi- 
vidual pulses of direct current should cause no 
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considerable change in the bias, but this requirement 
also causes small concern. 


Intermittent Oscillation 

Troubles may be encountered because of excessive 
capacity of the grid leak condenser. Since the reason 
for this is not apparent at first glance, it will be 
developed in more detail. The evidence of trouble 
appears as a falling off in input and output, and the 
radiation of an interrupted wave. 


intermittenti O 
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Fig. 30. That the phenomenon is not due to resonance 
is indicated by the irregularities shown in Fig. 32. In 
the foregoing oscillograms, plate current is used as a 
measure of oscillations. Fig. 33 shows that the actual 
oscillation amplitude follows the same general form. 
This was taken with the circuit shown in Fig. 29. 
The explanation of the phenomenon just described 
is arrived at as follows: Referring to Fig. 34, let the 
ratio of alternating plate and grid volts, and 
other adjustments be fixed. If a constant bias in volts 
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Fig. 30. Intermittent Operation with a Very Large Grid Condenser 


Fig. 31. 


To show the effects of different grid capacities, the 
circuits illustrated in Figs. 28 and 29 were subjected 
to oscillographic study. The result of using a very 
large grid condenser is shown in Fig. 30. This oscillo- 
gram was taken in connection with the circuit shown 
in Fig. 28. The oscillations alternately build up and 
die out, the period being quite long. By reducing the 
capacity of the condenser, the period is changed as 
shown in Fig. 31. The phenomenon persists even when 
considerable care is used in smoothing out the 
impressed voltage by means of a filter, as shown in 


Intermittent Operation with a Grid Condenser of Smaller Capacity 
Than is Used for Fig. 30 


is then assumed, the tube output for any amplitude 
of oscillation can be calculated directly by the method 
developed in the latter half of Part II of this serial. 
Several such curves are plotted. The resistance loss 
in the circuit is proportional to the square of the 
voltage and is also plotted. An intersection between 
tube output and circuit loss represents a point of 
equilibrium. If a decrease in oscillation amplitude 
causes the tube output to become higher than the 
losses, the point is stable; if the reverse is the case, 
it is unstable. By determining the grid current for 
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various points on the curves of output at constant 
bias, the corresponding leak resistances can be 
determined. These points may then be joined by 
curves which represent output variation with change 
in oscillation amplitude at constant leak resistance. 
It will be observed that there is a value of bias such 
that the bias curve and the loss curve are tangent, as 
at C. A greater bias than this cannot be used as there 
are no intersections with the loss curve and hence no 
points of equilibrium. 


Intermittent D 
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Fig. 33. 


Through any point, as A or B, on the loss curve two 
lines can be drawn, one representing the change of 
output variation at constant bias and the other the 
change of output variation at constant leak resist- 
ance. If a fixed bias is being used, the equilibrium 
test must be applied to the bias line. If resistance bias 
is being used, the test is applied with reference to the 
constant-resistance line. The grid-blocking condenser 
tends to hold constant bias; therefore, with a large 
condenser, the diagram of operation, as far as equi- 
librium is concerned, utilizes a constant bias line. 


at, 
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For a small grid condenser, the constant resistance 
line is more nearly the criterion of stability. It is 
apparent that in the region of C, in the direction of 
point A, stable operation is obtained with either 
constant resistance or constant bias. In the direction 
B, constant bias operation is unstable, while constant 
resistance operation is still stable. 

Best operation, especially for a highly efficient 
tube, is very likely to fall in the C—B zone; thus 
stability requires a grid condenser small enough to 


1A 


i" Fig. 28 
beaimtan th 34, soew ~ 


Le” IS m.@, Cav.) 


Intermittent Nature of Oscillating Current 


cause the slope of the resultant output curve for the 
probable maximum rate of amplitude variation to be 
less than the slope of the loss curve. This condition is 
also frequently observed in regenerative receiver sets. 

Having established a condition of either instability 
or a very narrow margin of stability, equilibrium 
may be disturbed by a large number of causes, includ- 
ing generator ripple, line regulation, keying, and the 
like. The cycle followed is somewhat as follows: 
Assuming the 20,000-ohm value of grid leak, the tube, 
starting with zero bias, will build up both oscillations 
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and grid bias until equilibrium is reached at 7.3 watts 
output and approximately 50 volts bias. If the grid 
condenser is small, the operation will be stable. If the 
condenser is large, any momentary disturbance will 
shift the operating point up or down on the 50-volt 
bias line, the condenser tending to hold the bias 
constant over a brief interval. If it shifts down, the 
tube output becomes less than the circuit losses, and 
the oscillations die out. The grid condenser now 
discharges through the leak until the bias is low 
enough for oscillations to start again and the cycle 
is then repeated. 


Operating Difficulties 

If a circuit does not operate as expected after 
making the calculations, the trouble will usually be 
found to be due to one of two causes. The tube may 
not correspond to the characteristics, or the circuit 
constants may not be as they seem. The most frequent 
variation in tube characteristics is in the emission. 
If this is low, the tube is very apt to refuse to operate 
at all. If it should be too high, the operation will be 
good, but the tube life can be extended by decreasing 
the filament current. In cases where it is desirable, 
output and efficiency can both be increased at the 
expense of tube life by overburning the filaments. 

Occasionally the grid current will differ from that 
given by the characteristic curves. In this case a 
satisfactory adjustment can usually be obtained by 
varying the grid leak resistance. 

Circuit difficulties are of two sorts: the measured 
values may be in error, or the circuit unexpectedly 
may operate at a much higher frequency than desired, 
utilizing the inductance of condenser leads and the 
internal capacities of coils rather than the normal 
reactances of these elements. 

The resistance of the oscillating circuit is perhaps 
the most difficult constant to determine, besides being 
especially apt to make trouble if it actually has a 
greater value than supposed. Hence the greatest care 
should always be used to see that it is correctly deter- 
mined. Certain objects, such as concrete floors or 
walls within a few feet of radio-frequency apparatus, 
are likely to have considerable losses produced in 
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them which means that they increase the effective 
resistance of the circuits. In general, any object 
near a high-frequency circuit should be built of either 
very good insulating materials or good conductors. 
Very little loss can occur in good insulators; and 
good conductors shield themselves by the currents 
induced in them which flow with only a relatively 
small loss. 

It is often difficult to foresee the causes of parasitic 
oscillations in which an inductance coil will behave 
as a condenser due to its internal capacity, or a lead 
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Fig. 34. Curves Showing Grid Circuit Stability of a Small Pliotron 
Assuming the Alternating Plate Volts as 1.7 Times the 
Alternating Grid Volts and a Direct Plate Potential 
of 350 Volts 


whose reactance is negligible at the desired frequency 
develops a high reactance due to the greatly increased 
frequency. Such annoyances are always to be ex- 
pected; sometimes they will require the replacement 
of some part of the circuit, but often they can be 
stopped by placing a resistance in some part of the 
circuit where it will cause very little loss under the 
normal operating conditions, but form a heavy 
burden for the parasitic oscillations. A very good 
place to put-such a resistance is in series with the 
grid leak condenser. In many cases, a few hundred 
ohms at this point will be all that is required. 


(To be continued) 
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Graphical Determination of Magnetic Fields 
PART II 


RULES FOR CALCULATING AND PLOTTING FIELDS 


By A. R. STEVENSON, JR. and R. H. PARK 
Engineering General Department, General Electric Company 


for plotting flux in air, it seems well in the 

interest of completeness to briefly sum up 
the more important principles, in the group of brief 
rules which follows. 

The method used by Doherty and Shirley can 
best be described by reference to a particular problem 
illustrated in Fig. 23 which represents a pair of alter- 
nator field poles. 

In attacking a problem of this sort, Doherty and 
Shirley made the following assumptions: 

(1) That the magnetomotive force 1s due to an 
infinitely thin coil distributed along the pole”. 


A for plot various authors have given rules 


Fig. 23 


The armature reaction is neglected while plotting 
the flux due to the field m.m.f.; and later, after 
another sketch is made of the field due to the m.m_f. 
of armature reaction, the two are superposed. 

(2) The magnetic potential of one pole due to the 
m.m.f. of its own winding is + F. The magnetic 
potential of the other pole due to its own m.m.f. 
is —F. 

(3) Assuming infinite permeabilitv, the armature 
and field pole faces are equipotential surfaces. 

(4) By symmetry, a zero equipotential surface is 
drawn midway between the two poles. 

(5) The armature surface is also assumed to be 
a zero equipotential surface. 

(6) At the surface of the left-hand pole, the poten- 
tialis + F. As the air-gap is crossed, this drops to 0 at 
the surface of the armature. In re-crossing the gap 
from the armature surface to the right-hand pole, 
the magnetic potential drops to — F. Therefore, 
the total drop from one pole face to the other is 2F. 

(7) In any place where the flux lines are known 
to be straight and parallel, as is approximately true 
in the air-gap, the potential drop is a linear function of 


(17) This AR Matar is more accurate than neglecting the distribu- 
tion of the coil entirely, as has been done by some others, and apparently 
does not very much affect the accuracy of flux distribution in the air-gap. 


distance. Thus, a line half-way across the gap repre- 
sents one-half potential. 

(8) The equipotential planes + F/2 and — F/2 
will curve from the center of the air-gap to the mid- 
points of their respective poles. The beginning and 
ends of the one-quarter potential planes can be simi- 
larly located. In sketching the traces of these planes 
through points known to be at the same potential, 
there must be discontinuity in the gradual change in 
shape of adjacent potential lines, 7. e., when near 
the pole they follow its configuration, but those near 
the zero equipotential line must approach its rectangu- 
lar shape. 

(9) After the equipotential lines have been 
sketched, the lines of force are drawn perpendicular 
to them. The whole surface is thus divided into 
chequers. If enough lines are drawn, these chequers 
become very small rectangles. The sketch is not 
correct until all the angles are right angles. 

(10) In space through which no current is flowing, 
all these rectangles must be similar, t.e., the spacings 
of lines of force at two different places in the field 
must be proportional to the spacing of equipotential 
lines at the same respective points. It is recommended 
as a matter of convenience that the flux density be 
represented by such a number of lines as will make 
these rectangles curvilinear squares. 

This method of plotting magnetic fields is a cut- 
and-try method. The first few sketches will obviously 
be wrong, but there are sufficient conditions to 
provide that the final picture obtained after several 
readjustments will be approximately correct. 

The actual flux density can be calculated at any 
point from this picture as follows: 

a. The total m.m.f. per pole, 


F=4arnl (22) 


where n is the number of turns per pole and I is the 
field current in abamperes. 

b. If there are m equipotential surfaces including 
one of the boundary surfaces drawn between the 
pole and the zero equipotential surface, the potential 
gradient between any two of these surfaces 1s 


_tanl 
més 


(23) 


where 6 is the perpendicular distance measured in 
centimeters between adjacent equipotential surfaces 
at the point in question; t. e., m 6=air-gap. 
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c. Since the permeability of air is unity, the density 
in lines of force per sq. cm. at every point is exactly 
equal to the potential gradient. 


dP 4aniI 
~ ds mô 


(24) 


d. But, if the figure has been drawn so that the 
small chequers are square, the lines of force will have 
the same spacing, ô, as the equipotential surfaces. 
Therefore, the flux included in the tube between 
consecutive lines of force is 


4anlI 


Ag@=B b= (25) 

e. Attention is called to the fact that if 6 is the 
spacing of lines of force, the area of a tube 6 wide 
and 1 cm. thick is ô, and the density at any point is 


(26) 


Equation (26) is identical, of course, with Equation 
(24), and merely represents another viewpoint. 

In order to check the accuracy of the free-hand 
method, 23 different men determined the effective 
air-gap of a motor by making free-hand sketches of the 
‘flux. By Carter’s equation, the correct value of the 
effective gap was 0.575. The results of the free-hand 
sketches were as follows: 


Results Between Number 
057070 60 icc renee es ORs Shade 8 
0:605-0:010: goss 6 ane EEEE AO eens 6 
0:640-0.679 264 < figs baie eee eS 4 
Rejected for gross inaccuracy........... 5 
Totale tind Bite oo eee ea 23 


The above table indicates that the more accurate 
sketches gave a minimum reluctance. This agrees 
with Arnold’s “%) statement: ‘‘The most nearly cor- 
rect distribution of the flux will be shown by the 
sketch which makes the permeance of the flux tubes 
a maximum. ” | 

It is probably obvious that the flux will arrange 
itself in such a manner as to follow the path of least 
resistance; but it is interesting to note that a com- 
parison of the reluctances determined from several 
independent flux plots with the mathematically 
correct permeance confirms this theory so well. 


Method of Plotting Two-dimensional Magnetic Fields in 
Space Occupied by Current-carrying Conductors 
Consider a section of an infinitely long cylindrical 

conductor, shown in Fig. 24. The work done in making 

a complete circuit about such a conductor with a 

unit pole is 


W=4rI (28) 


(®)E. Arnold: Die Wechselstromtechnik (Julius Springer, Berlin), p. 78. 


GENERAL ELECTRIC REVIEW 


Vol. 31, No. 3 


The difference of potential between two points is 
usually defined as the work done against the field in 
transporting a unit pole from one point to the other 
by any path whatever. 

Let the potential at A be zero. Then the potential 
at D is 

P, ,=2r I (29) 


The potential, however, continues to increase as the 
circle is completed. On returning to A after a complete 
circuit, the potential is no longer zero, but 


P,=4rI (30) 


Every time the unit pole is taken around the con- 
ductor, the potential increases by this amount. 

It might be asked, ‘‘ How does the law of conserva- 
tion of energy apply?” The answer is that, in taking 
the unit pole around the conductor, a voltage has been 


“Pr 


Fig. 24 Fig. 25 


induced. The product of this induced voltage multi- 
plied by the current in the conductor represents elec- 
trical power which, integrated for the elapsed time, 
gives electrical energy. Thus the mechanical work 
done in carrying the unit pole about the conductor 
is converted into electrical energy. 

Again referring to Fig. 24, it should be noticed 
that no work would be done in going from A to D 
by the path A B OC D, because this path at all 
points is perpendicular to the lines of force. Such 
lines, therefore, can be called lines of no work. 

The following are the most important rules to be 
followed in plotting flux in regions containing current- 
carrying conductors: 


(1) The equipotential lines in the air space, when 
projected as lines of no work into the copper, must 
divide the copper into equal areas. It is thus seen 
that each particular part of the ampere conductors 
may be regarded as responsible for a particular part 
of the field. 


(2) The work done in carrying a unit pole along 
any line of force from one point to another is pro- 
portional to the current flowing in the area enclosed 
by the line of force and the lines of no work passing 
through the two points. 


(3) The spacing of lines of force must be inversely 
proportional to the copper enclosed and proportional 
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to the length of the part of the tube enclosing the 
copper. “) Thus 
Hl=4 rC 


If k is the number of lines in a tube, the width is 


The spacing between lines of force must be pro- 
portional, therefore, to the ratio 1/C, where | is the 
length of the tube under consideration between the 
lines of no work and C is the total current included by 


this length of tube and the boundary lines of no work 


in Fig. 25. 

(4) The line of half potential outside the copper, 
when extended as a line of no work into the copper, 
does not necessarily intersect every line of force at a 


A 


Fig. 26 


point which would divide into two equal halves the 
work done in carrying a unit pole around the line. A 
similar statement can be made, of course, for the other 
potential lines. 


Brief Rules for Construction of Field Flux Plots Inside the 
Copper 
The following directions as given by L. P. Shildneck 
have proved very helpful in making flux plots of 
the fields of salient-pole machines. 


0% L. F. Richardson has given a rule for the plotting of fields in 
current-carrying copper to the effect that in a region occupied by current 
“the difference of successive chequer ratios in a direction perpendicular to 
the lines of force, divided by the mean chequer area is equal to a constant 
times the current density in the region.” A proof of this relation is briefly 
outlined below. 

Let n and t represent distance measured along lines of no work and 
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Consider the case of a copper and iron distribution 
as given by a field pole (Fig. 26), with lines of no work 
oa,ob,oc,od,oe, etc., drawn so as to divide the 
current into equal areas. Then the work done in 
transporting a unit pole from a to b is equal to the 
work done in transporting a unit pole around the 
path a boa. 

Work (a b) = work (a b o a) 
= work (b c)=work (bc o b) 
= work (c d)=work (c d o c), etc. 
for work (a 0) = work (b 0) =work (c 0) =0. ` 

That is, the work done in going from one equipotential 
line such as a to another such as b, is equal to the 
m.m.f. between these two lines, or 4 r times the 
current enclosed by the lines a b, b o, and o a. Cortse- 
quently, work a b equals work a’ b’; but work c d is 
greater than work c’ d’, for more current is enclosed 
by c d. It is well to remember that the m. m. f. be- 
tween any two points in the copper, such as c’ and 
d’, is proportional to the amount of current enclosed 
by the line of flux c’ d’ and the lines of no work c’ o 
and d’ o. Therefore, if a tube of flux is desired along 
a’ b’ c’ a’, so that it may enclose the same flux at all 
points of the tube, the reluctance must vary in direct 
proportion to them.m.f. And since the m.m.f. varies 
in direct proportion to the amount of current en- 
closed, the ratio //a®) for the curvilinear rectangles 
must vary in direct proportion to the amount of 
current enclosed. This relation makes it possible to 
extend the plot into the copper. 

The subsequent rules will aid materially in shorten- 
ing the time necessary to obtain an accurate field plot. 
The reasons for following the directions in the order 
given will be obvious. 

(1) Draw bisectors of the angles at the points a, b, 
c, d, e, f, as shown in Fig. 27. These are the directions 
of the lines of flux at these points. Continue them 
wherever it is possible to do so with any degree of 
accuracy, as at a, b, c, d, entering the opposite side 
at right angles. 

(2) Divide the current-carrying conductor section 
into eight equal regions, as shown in Fig. 27. The 
The reluctance is proportional to the length l of the path and 
a E E e a S 


Also, n: — ni = o (2) 
n:l = mh +o(3)= n t+ o (3) 


Adding Equations (30a) and (30b), there results: 


(Hı + M1) k — Hı (k— hh) — (Hi + Ho) 1+ Ho (ti —to) 


=Swrint+o (3) (30d) 


along lines of force. respectively. Let small quantities of the order x =e - = _ _ 
represented by the symbol o (x). Then, (referring to Fig. A). if » But Ho (hı — t) — Hı (2 — h) = (Ho—H1) (h —&) 
and í are small enough increments so that the field intensity and ty — Hı (t: + b — 2h) = o (3) 
current density change only slightly for points included in their Therefore, Equation (30d) becomes 
SA ECR eee Ue EREI as 27a m (Hat Hi) a — (Hı + Ho) i = 8 w $ n t+ o (3) 
n, t=0 (1) te Substituting in this equation from Equation 30(c), there results 
Hı th —Ho to =4 r i ni tito (3) (30a) (2 - a) a4 rintto() 
Asts-Aih =4 © i n2h2+0 (3) (30b) gic 3 n 
where l Ka h h 4wint 
H „ =field intensity along tẹ, mao e + o (2) 


int near ni, ne, b, l2. , 
t the flux between t: and 4h is the same as 


$ = current density at any 
If s, and #2: are chosen so t 
the flux between f: and to, then 


(Hi + Ho) a1 = (Hi4 H:i) m+ o (3) = 26+ 0 (3) 
$ eae flux between f: and f, and between $: and tı. 


mo (1). 


(30c) 
w 


Thus, omitting second order terms, we obtain a relation involving 
quantities of the first order on either side: 
ts h 
m m 
nil 
which is the rule stated by Richardson. 


oF 
$ 
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reason for the peculiar division is that, later, the lines 
of no work will roughly coincide with the construction 
lines, thereby providing an easy method of sketching 
the lines of no work as that they will divide the 
current into equal parts. If it is found later that 
some of the construction lines are not placed to best 
advantage, others may be drawn. 

(3) Draw a trial set of seven lines of no work as in 
Fig. 28, crossing the lines of flux a, b, c, d at right 
angles, hugging the sharp projections closely, as at 
-b and c, keeping away from the inverted corners as 
at a and d. This trial set must divide the current 
region into eight equal portions. Arbitrarily choose 


Fig. 27 


some point P in the corner closest to the iron. for 
the kernel. If no iron were present, it would lie in 
the center of the copper; if iron were touching the 
copper along one surface, the kernel would be at the 
copper-iron boundary; if iron were touching the 
copper along two surfaces, the kernel would be on both 
copper-iron boundaries, at the corner. Obviously, 
the kernel, in all practical cases, would lie somewhere 
between the center of the copper and the lower 
corner near the iron. Line No. 4 (Fig. 28) must divide 
the current into two equal regions. The advantage 
of the straight construction line between Regions 
4 and 5 of Fig. 27, dividing the current into two 
equal portions, is evident. The other construction 
lines also are located so as to be most useful in 
enabling an accurate division of the current to be 


made by judging only small differences in area with — 


the eye. 

(4) Starting from some line of flux cc’ (Fig. 29), 
draw lines of flux, making curvilinear squares along 
the line a c’ f in the region where there is no current. 
Then extend the lines of force into the current region 
orthogonal to the lines of no work. 

(5) The correctness of the plot may now be 
tested as follows: 

a. Lines of flux must cross lines of no work at 
right angles. 


GENERAL ELECTRIC REVIEW 


Vol. 31, No. 3 


b. Lines of flux must enter the iron at right 
angles (assuming infinite permeability). 

c. All rectangles outside the current must be 
curvilinear squares (ratio l/a = unity). 

d. Within the current region, the rectangles 
must have a ratio l/a less than unity and equal to 
the ratio between the current enclosed and the 
one-eighth portion of the total current. Thus at a 
point g (Fig. 29), if the flux line and the two lines 
of no work intersected by it enclose one-half of the 
eighth portion of current, then the length of the 
rectangle at this point should be one-half of the 
width. 


> TS OE EE oD EEE oO EE 


(6) If the various ratios of l/a are not proportional 
to the current enclosed, then the plot must be re- 
drawn, either changing the position of the kernel 
or else shifting the position of the lines of no work, 
and making the correspondingly necessary changes 
in the lines of flux. It is well to use tracing paper, for 
then each previous trial may be used for a guide. 

The final plot is shown in Fig. 30. Any required 
accuracy may be attained by continuing the process 
indefinitely. By this method, however, a large portion 
of the cut-and-try is eliminated because as many of 
the required conditions as possible are fulfilled in 
the first part of the construction, and after three or 
four trials a surprisingly accurate sketch can be 
obtained. | 


Vector Potential in Coplanar Magnetic Fields 

Although neither the problems nor the general 
methods given in this connection are new it is believed 
that the application of the little-used conception 
of vector potential to a group of familiar problems 
will be of interest. 

In problems where the flux distribution can be 
represented by a two-dimensional sketch,@ the 
vector potentials are all perpendicular to the plane 
of the paper and consequently can be added and 


(71)Such fields are said to be coplanar in the plane of the paper. 
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subtracted exactly like scalar quantities. This makes 
the construction of field plots by lines of equi-vector 
potential very much easier than by the more usual 
method which employs the two components of the 
vector field intensity. 

Let X and Y be the x and y components of the field. 
Then, integration around any small area in the x y 
plane will show that @) 


(27) 


where : is positive when directed upward out of 
the plane of the paper. 


2 qe AE Gee ee EE 


(28) 


(29) 


Then 


(30) 


The function R is known as the vector potential of 
the field. In a coplanar magnetic field, a line of force 
is characterized by the equation R=0=a contant, 
because aR aR 

dR= —dx+—dy=0 (31) 
Ox ð y 


and solving for the slope of the line R =a constant: 


ð R/ð Y 
a AE S (32) 


which shows that this line has the same direction as 
the magnetic field. 


(=)'*Fundamental Theory of Flux peta. by A. R. Stevenson, Jr.. 
GENERAL Evectric Review, Vol. 29, No. 11, Nov., 1926, p. 797-804. 
)As in Part I, in order to make R positive in sign, it is defined by 
the relations. 


7 OR _ OR 
ð Oy 
instead 
i OR OR 
Ox = Ov 


asin Rogowski'’s work 
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Also, A ¢=¢,=% is equal to the flux included 
between the lines of force R=¢, and R= ¢, for 


2 2 
ssf aR= f Ydx—-Xdy 
1 1 


may be seen to give the flux included between the 
points 1 and 2 whatever the path of integration 
employed. 

In any problem in which the only sources of m.m.f., 
are currents within the regions under consideration, 
the boundary conditions imposed consist in varia- 
tions of permeability frum the region under considera- 
tion to the adjoining regions and, in general, from 


(33) 


Fig. 30 


the adjoining regions to other regions. This type of 
boundary condition may be recognized as consisting 
of a sum of terms containing constants and partial 

derivatives operating on R. i 

It is then clear that if two solutions R, and R, 
satisfy these boundary conditions and the point 
Equation (30) for current densities 7, and i separately, 
their sum must also satisfy these boundary condi- 
tions and the point Equation (30) for a current 
density tı +12. 

It is possible, therefore, to superpose solutions for 
vector potential due to two distributions of current 
density and the result may be extended to any 
number of superpositions; and thus from a knowledge 
of the vector potential of an element we may by 
integration determine the vector potential of a 
complicated distribution of current density. 

The Vector Potential of an Isolated Straight Wire 
of Circular Section. Let the radius of the wire be a 
and let the total current through the wire be T. 

Then inside the wire the field intensity @" is 


= —-- (34) 
and outside the wire 


(35 


HHan N24 79°, 
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If we choose R=0 at r=0, then inside the wire 
(36) 


and outside the wire 


my 3 
R= |’ Hdr+ “2 = 21 [toge(=) +3} (37) 
r=g a a 2 


The Vector Potential of Two Isolated Straight Wires 
of Circular Section. Let rı and r be the radius 
vectors from wires 1 and 2, respectively, and let a, and 
az, be the respective radii of the conductors. Then 
inside conductor 1 


R=2 t[toge(*) + 5] 40% (38) 
Qa 2 a” 
Y 
b — 
Steen rem ree es vy 
a SP an Fig. 32 
Inside conductor 2 
1 2 
R=2 n [ioge (=) +4] +h (39) 
1 


Outside both conductors 


1 
R=2] [tox (5) +3] +21, [ios (2) +5] (40) 
ay 2 a 2 


(a) In the special case where the currents are in 
opposite directions, I= —Iı=I, and a@a=a,, the 
vector potential outside the conductors is 


R=2]I loge (41) 
Te 


and the equation of a line of force, R=a constant, is 


ae) (42) 
T2 
The well-known fact follows that the lines of force 
outside the conductors are circles. 
In particular, if the centers of the wires are located 
at x=—b, and x=b, respectively, Equation (42) 
becomes 


(43) 


bs 
[{x+b coth (R/2 I) P += sinh? (R/2 1) 


GENERAL ELECTRIC REVIEW 


Vol. 31, No. 3 


(b) In the special case where the currents are in the 
same direction, J/;=J,=J, and a= a: =a, 


R=21{toge (2) +1] 
a 


The equation of the line of force in this case is of the 
fourth degree. 

The Vector Potential of a Straight Wire Near the 
Corner of two Infinitely Permeable Planes. The wire 
and images for this case are shown in Fig. 31. Out- 
side the wire 


(44) 


á 2 = 2 ne 2 2 
R joge ETV tO- 5 joge ETV + 0) 
I a? a? 
2 fone 2 2 2 
Aiea: eRe sega: aan Ja 


(45) 


Fig. 33 


Equations of the type of (45) may be solved by 
plotting since only the real roots are desired. In the 
case under consideration, R/I should be plotted as a 
function of x with y as a parameter. Points on a line 
of force are then determined by the intersections of the 
curves along lines of R/I =a constant. 

The Vector Potential of an Isolated Wire of Any 
Cross-Section in Air. Referring to Fig. 32, the 
vector potential due to an element of the wire is, 


d R=i (loge r°) da (46) 


where r is the distance from the point at which R is 
determined to the element under consideration, ¢ is 
the current density, and da the area of the element. 
The value of R for the whole wire is, then, 

R= f t (loge r°) da+a constant (47) 
the subscript S indicating that the integral is taken 
over the whole surface of the wire. If the current 
density over the cross-section is constant, we have 


R 
— = f (loge 7?) da+a constant (%) (48) 
l 5 


(7) This result may be expressed in the form = = log D? + a constant, 


where D equals the geometric mean distance of the point at which R is to be 
computed from the area of the section of the conductor. 
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(a) For the special case of an isolated wire of rec- 
tangular section we have, referring to Fig. 33. 
q=yt+tb pext+a 


or f loge (p?-+q") dp dq 


@q=y-b pH=x—a 


(49) 
Integrating and adding the constant terms. 


— 4 a b loge (a?+0*?)-—6ab—4 a? tan“ S — 4 b? tan`! 


R ; 
In order to make 75 0 at the origin, Equation (49) 


4.% 
el i ee T HHH 


2 GS ae ed a 
abe? a ea See 
lA eae ds 
PT TAT APN TALI 
MDB BERN AE 
SEA O45 SNORNSE 
ost HTT VV EN Vide TT 
SRS HAES A 
eo AE WISE 
CCAR EEE 
ASSE 
aN INT T LAT 
TNTA TAAT 
HHAH 


‘ae 34 


may be reduced to the symmetrical form: () 


peal Byione ere 


aè +b? 
(x—a)* + (y+b)? 
- (z—a) (7+0) loge | FO 0+0: | 
(x+a)? + (y—b)? 
— (x+a) (y—b) loge [eee oe 
(x —a)? + (y— b)? 
+ (x—a) (y—b) loge stee] 
_ytb E xe] 
2 t 17 —tft 1 
+(x+a) | an aw an ne 
— (x—a)? [tant ~tan 29 
x—a x—a 


+a x—a 
+ (y+5)? [tante — tan ] 
(y+b) yhb 


x+a x—a 

— (y—))? [ tan —— — tan! —— 
y—b 

b a 

— 4 @? tan™! - — 4 b? tan`! - 

a 
(*)The variable terms in Equations (50) and (51) may, be checked 
against those given by Maxwell “Electricity and Magnetism,” (paragraph 


692) for the mean geometric distance of a point from a rectangle and a 
straight line, respectively. 


(50) 
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The field in and around a rectangular conductor of 
dimensions two units by four units, carrying a current 
of 80 amp., 2. e., a=2, b=1, i=1, has been plotted 
from Equation (50) by one of the writers’ associates, 
R. S. Arthur, and is shown in Figs. 34 and 35. Figs. 
36 and 37, showing R as a function of x and y, were 
used in plotting Figs. 34 and 35. 


DONAS NREPZAREP: 
PT comet Bee EH 


PAV BAA 4 


dest t_ | | tt | 
I 


(b) Special Case. Infinitely thin ribbon. 

For sufficiently small values of b, that is, if the 
rectangle degenerates into a ribbon, putting 2 b i=1' 
=current per unit length o the ribbon and adding 


R 
terms such that = =0 at x=y=0, Equation (50) 
1 


may be written ® 


i = (a+x) ipa CE ET 
1 a? 
= 2 2 
Fasa og EEN 


+29 Cs oa + ta ad (51) 


Equation (51) SE ae precisely to the case 
of a vanishingly thin isolated conductor, or to 
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a narrow strip of conductor on an infinite iron 
surface. 

In the case of a ribbon conductor two units long, 
carrying a current of 20 amp., the expression for 
vector potential is 


R=(1+2) loge [(1+x)?+y*]+(1—x) loge [(1 — nigel 


+2y ES (=5) +tan™! ( ; mg )] (52) 


The field for this case as plotted by one of the 
writers is shown in Fig. 38. The curves of R as a 
function of x and y which were used in plotting Fig. 
38 are shown in Figs. 39 and 40. 
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Fig. 37 


The Relation of the Scalar Potential Function to the Vector 
Potential Function in Coplanar Magnetic Fields 
For points outside of regions in which current 
density exists, it is legitimate to construct a potential 
function V having the pa 


H= =V (53) 
an 
where H, is the field intensity in a direction n and 
where n is distance measured in any direction from 
the point at which H,, exists. 
Then, in particular, 


V 
dV = ods + Sdy=H, dx + H, dy 


mee H, dx+H, dy (54) 
1 


where x and y form any convenient set of codrdinate 
axes. The path of integration must be arranged so 
that it does not traverse regions in which current 
density exists. At the same time, it is necessary to 
construct arbitrary boundary surfaces, one beginning 
at some point of each current-carrying region and 
dividing the field into arbitrary sections such that 
within any section it is impossible to enclose current 
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by any path of integration outside the zone of current 
density. Equipotential lines may be carried through 
these regions by joining lines which differ by an 
amount 4 x times the current enclosed by any circuit 
which does not cut through any boundaries, and 
starting at one side of the boundary and ending at 
the other side at the same point. 

If the vector potential of the field is known, we 
may use Equation (54) in the form: 


29R R 
v=vi= f È 5-5, 8 


Solutions of scalar potential due to particular 
distributions of current density will be superposable in 


(55) 
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Fig. 38 


the same way and subject to the same limitations as 
apply to solutions of vector potential. 

In the following, the scalar potential functions 
in the various examples of magnetic fields given in 
other parts of the article will be worked out briefly. 

Field Pole, or Slot. Referring to Fig. 41, it will 
be convenient to divide Region II into a and b parts, 
the a part being between the current-carrying zones 
and the 6 part between the current-carrying zones and 
the iron, and to choose the line x=a from 6=7 — 62 
to 0= xr, and from 6=6.— r to 0= — was the arbitrary 
boundary surface previously referred to. 

Then, choosing V=0 at x=y=0, and remember- 


6 
ing y=" 
k 


aR 1aR °1aR 
Peler gee sete 
J- 30 eiae f ao 


Thus, for Region I: 


(56) 


= —kn(a—x) t _—kn 
= > k n [ane  — ap € "| cos no 


1 


V 


Lam] 


ie el 
J o 7 | 

= [a, « "7 -* a, e*™] sinne (57) 
1 
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For Region II: which gives 
ð R < —kn(b —x) Vin = 4 © Qo (b—a) y+ [cr gue) 
gg ET la) +D, alba 2 
— b.’ 7r ] cos n0 a eae ] sin 6 (60) 
a The solution for an infinitely deep slot may be 
Ving = 4 3 Oty (x—2) y+ ` [b, etme) obtained by inserting c= œ. 
1 


— b,’ e™**~® | sin n0 (58) 


In order to obtain the scalar potential for Region 
- IIb, it is convenient to subtract from the known 
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A W Circular Slot. In polar coordinates, Equations 
7 pari? peat CT (54) and (55) become | 
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4 v- v= f, H, dr + Her dô (61) 
1 
2 1R ð R 
20 Z et eee oes 
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Ip (63) 
of 
Fig. 39 
potential at the iron surface the potential difference 
from the point in question referred to that surface. 
Thus: 
l *10R 
Vin = 4 b—a)-— | ~—dé ! ! 
l ] i oy 
= 4 x Q | (b—a) — — (x—a) € -») 
2 2 Fig. 41 
oo (Fig. 10 from Part I, repeated) 
+ ` [b, e7" OTP — bp e7" ] sin no For Region II: 
1 
Qo 
= Vig +2 r al (b—x) (59) OR _ >=(-)ye wens 
i ; Or ro N ro . r 
For Region III: 
g which gives: 
ð R 
SA x ao (b—a) + D, len ee ee 
i 1 Vai = > (>) b, sin nð +210 (64) 
—c,' e" TÀ ] cos n0 1 ro 
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Scalar Potential of a Wire of Any Section. Evidently, 
for an isolated circular wire, 


V=216 


The solution for several circular wires is obtained 
by superposition. The solution for a wire of any 
section is 


v=f 210da (65) 


the integral to be extended over the whole section in 
which 2 exists. It may be found more convenient, 
however, to obtain V indirectly through Equations 
(47) and (55). 


Calculation of Inductance from a Knowledge of Vector 
Potential 


In general, in order that it shall be permissible to 
employ the conception of inductance to a conductor of 
large section, it is necessary that the conductor con- 
sist of a bundle of smaller conductors, all of these 
conductors supposedly connected in series, or in such 
a way that the same current flows in each. @”) If there 
is a sufficient number of small conductors, it is 
permissible as an approximation to calculate the 
inductance of the system as the average inductance 
of a continuous distribution of small current filaments, 
the density of the filaments being in proportion to 
the density of small conductors. It will further be 
assumed that the current distribution may be re- 
garded as continuous within the section of the large 
conductor. 28) 

Let ¢o be the total flux outside some particular line 
of force R= Reo and between that line and the line 
with respect to which induced voltage is to be com- 
puted, where R is the vector potential function of the 
field. 

Then (¢9+Ro— R) will be the flux outside any line R. 


Let n=the density of small conductors. 
The average flux linkages per conductor are 


as R) nda ae fe 


where 


N= Í nda 


S 


=the total number of small conductors in the 
section. 
If I is the total current through the section, the 
component of average inductance due to flux up to 
the point that ¢ is computed, is 


p-(***)- eas 


(77)From the restricted point of view that stored magnetic energy equals 
one-half the product of inductance and current squared. it is permissible 
to apply the conception of inductance to conductors which are not sub- 
divide 


(*)If desired, this approximation may be corrected. A correction of 
this type is given by Maxwell, Electricity and Magnetism,” par. 
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T= Í ida 
L-(***)- o (66) 


Equation (66) may be put in the form, 
L=4 x (Po—P) (67) 


or 


where P, and P are permeance factors: 


po + Ro 
e= 4rI (68) 
[Ri 1 da 
ae iw ifida ($2) 


In Equations (68) and (69), the quantity Po is the 
permeance factor that would apply if the flux ¢@o+R. 
linked all of the conductors, while the factor P takes 
into account the effect of partial linkages. 

It is interesting that in the foregoing equation, 
the vector potential R need not be computed so that 
the minimum value of R=0. Thus it is not neces- 
sary to calculate the value of R at the kernel. If the 
kernel is known to exist on some line such that one 
coordinate x or y, or r or 0, for example, is fixed, the 
calculation of the value of R at the kernel is compara- 
tively easy. If, as in the field-pole problem, however, 
the value of neither codrdinate is known, then on 
account of the unsatisfactory convergence which 
usually occurs at the kernel, the calculation of the 
position and value of R at the kernel is a task of con- 
siderable difficulty. It is fortunate, therefore, that 
this calculation is not required. 

Inductance of Two Parallel Cylindrical Conductors. 
As a simple example of Equation (66), consider the 
case of two straight conductors of circular section 
carrying currents I and —I, respectively. From 
Equation (38), the vector potential at a point inside 
one wire is | 


2 
R=I% -2I [105 (72) +122 | 
a a 


where a=the radius of the section. 


Let ri=r 
l= distance between centers of the conductors. 


The component of inductance due to half the flux 
will be calculated. Thus ¢o will be chosen equal to 0 
for rı=r2. But also, from Equation (41), R= R)=0 at 
rr=re. Thus, Equation (66) gives 


p= — { Rigs 
p 


re 
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which may be put in the form: 


1 6 2r y? 
L= — 1- — 
AS [ a? 


y ER 
+og( zit o8 2 | pagar (70) 


a? 
a 2 
-2f [1-5 tiot | rar 
a® Jo a 
1 
= 2 log — + 7 (71) 


which is the usual expression for one-half the induc- 
tance of a circuit for med by two parallel wires. 


Application to Field-Pole Problem. The use of 
Equation (69) will now be illustrated by applying it 
to the field-pole problem. In this case, and 
considering all the copper as comprising a single coil 
side, there is 


xv- x=b 
2i f f Rydxdy 
6; x=o 


P= (72) 


4 r [a (b— a) l}? 


This integral reduces to the expression 


S a 
= ee E N N 1—70 
16 T? cx? Oaa" eOe j 


1 

+2K,kn (b—a)] (73) 

Thus, for the field-pole shown in Fig. 11 
P’=0.0045 


For the case of an infinite slot, c= œ, Equation 
(73) becomes explicitly: 


SOI 


(9 = e 24na Sg ne TaN (1 Beg eB 2) (74) 
7 k n (b—a) 


Thus, for the “infinite” slot shown in Fig. 6, 
P’ = 0.0037 


In the case of an infinitely deep slot, it may be 
verified that the factor P’ provides a correction which 
gives the increase of inductance due to concentration 
of current above the inductance which would be 
calculated on the assumption that the lines of force 
were everywhere perpendicular to the slot sides. 


Circular Conductors tn a Circular Slot. The expres- 
sion for P’ in the case of a circular conductor is very 
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simple because for bo chosen equal to 0, the integral 
over the area of the copper of the term which involves 
the effect of the slot is zero; and there remains only 
the term which would exist were the conductor 
isolated in space. 


Thus, with bo =(Q: 
1 Rida 1 


2r r3 y2? 
P= —- = —— — 
ja) ida? Fe =|, . pa dai (75) 


(76) 


_ 1 
8r 

Conductors in Air. The calculation of the induc- 
tance of conductors in air permits the development of 
special formulas involving the conception of geometric 
mean distance. Thus, for a system of positive currents 
with return currents within a finite distance, the 
vector potential calculated from Equation (47) will 
be zero at any point which is an infinite distance 
from the system in question, if the constant term 
is taken equal to zero. Thus, if the voltage due to 
flux between the system of positive currents and 
infinity is to be calculated, and if the system of 
currents fulfills the requirements permitting the 
calculation of inductance, then 


jz - { Rize 
I? 
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where S, refers to the area of the sections of conductors 
carrying positive currents and 


R= f ilogr da 
(51+ 52) 
Thus 
ne {| Í ilog # da | ida (78) 
Si Keo 


The voltage due to flux from infinity to the return is 


L= =f [ Í pop da] ida (79) 
So Sp +52 
The total inductance of the circuit is 
= ; : 
L=Iy+li= -y Í t log r? da tda (80) 
StS: HS 
which may be put in the symmetrical form: @) 
f «log rdaida 
L= 422 aiti ~~. 81 
+2- TS édal[f ida] a 
51 3 
CI) It is understood that, subject to the conditions imposed 
f ida=— f ida 
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For uniform current density, remembering that 
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where 


the current density is negative over the section of the Ry= geometrical mean distance of section 1 from 
return conductors, Equation (81) becomes: ‘tselt: 
I f— f) ([f — fllogr da} da R» = geometrical mean distance of section 2 from 
L=-—2 > 4# oO (S2) itself. 
Ay Az R = geometrical mean distance of section 1 from 
[f flog rdada—2 f flog rdada+f flogrdada] section 2. (39 
SS Si Se Se f 
a SSS A-A; ein i A, =area of section 1. 
Ry? A. =area of-section 2. 
=2 log Re Ra (S3) (30) The geometrical mean distance for sections of several types are 
11 4X22 | given in Maxwell, loc. cit, p. 63. 
(Concluded) 


A New Machine for Producing Welded Railroad Ties 


Following the development of a new type of rail- 
road tie constructed from scrap rails, as described 
in the June, 1927, issue of this magazine, there has 
come the application of automatic welding machinery 
to the production of such ties. 
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spacing are welded to the ends of the tie by the 
operators, both of whom are provided with manual 
welding equipment. 

The current is supplied by a 1500-amp-hr. motor- 
generator welding set. Separate control panels pro- 


The Apparatus by Means of which Ties Are Quickly Produced from 
Scrap Rails by the Simultaneous Application of Automatic 
and Hand Welding Operations 


The component parts of the tie are assembled and 
clamped rigidly together on a jig which rotates with 
the work into positions most favorable to the appli- 
cation of the process. While two automatic welding 
heads are fastening the tie plates to which the rails 
are keyed when installed, angle bars which further 
strengthen the construction and provide for tie 


vide two circuits for the hand welding electrodes 
and two circuits for the automatic welding heads. 

By means of this equipment it is possible for two 
operators to produce about twelve ties per hour. 
The attendants work simultaneously upon the sametie, 
but each independently of the other, since the machine 
embodies two separate sets of welding appliances. 
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IN MEMORIAM 


ELMER ELLSWORTH FARMER CREIGHTON 


Electrical Engineering Department at Union 
College. 

In 1918, a research laboratory for investigating 
protective methods, which Prof. Creighton had 
assisted in conducting at Union College in behalf 


was terminated by the untimely death of 
Elmer Ellsworth Farmer Creighton on the 
twelfth of last January, at Schenectady, N. Y. He 
was in his fifty-fifth year, having been born on 


à CAREER of much technical achievement 


April 11, 1873, at Vallejo, California. 

For nearly twenty-five years, beginning in 1904, 
Prof. Creighton was a special research engineer 
with the General Electric Company, devoting 
most of his time to the sub- 
ject of protective equipment 
for electrical circuits and 
transmission systems. During 
the greater part of that pe- 
riod he was a technical asso- 
ciate and a personal friend of 
the late Dr. Charles Proteus 
Steinmetz. Together they 
studied lightning in its rela- 
tion to electric power trans- 
mission; but Prof. Creighton 
also performed much inde- 
pendent engineering work in 
this field. 

He was educated at Leland 
Stanford University, gradu- 
ating in 1895, and receiving 
the degree of Electrical Engi- 
in 1897. These early 
were divided between service as special 
testing engineer for the Pacific Postal Telegraph 
Company, teaching at his alma mater, and 
assisting Dr. David Starr Jordan on the Fur 
Seal Commission among the Pribilof Islands, 
Alaska. 

From 1898 to 1900, he was assistant to Andre 
Blondel, in the Sorbonne, Paris, and at the Ecole 
Superieure d’Electricite. Upon returning to this 
country he again taught, for a time, at Leland 
Stanford. 

In 1901, Prof. Creighton became the head of the 
Experimental Department at the Stanley Electric 
Manufacturing Company’s plant at Pittsfield, 
Massachusetts, removing to Schenectady in 1904 
to become assistant professor to Dr. Charles P. 
Steinmetz, who was at that time the head of the 


neer 
years 


also of the General Electric Company, was moved 
to the General Electric Works, and was made part 
of Dr. Steinmetz’s consulting engineering depart- 
ment. A few years ago this laboratory was com- 
bined with the Standardizing 
Laboratory to form the present 
General Engineering Lab- 
oratory, under which Prof. 
Creighton had since served. 

Prof. Creighton was a con- 
tributor to the electrical engi- 
neering profession both by 
inventions and by technical 
papers. He held sixty-six 
United States patents, almost 
all in the field of protective 
devices. These were princi- 
pally the aluminum arrester, 
the compression-chamber ar- 
rester, the dry-film arrester, 
concrete reactors, and several 
types of direct-current and 
alternating-current arresters. 

He served on many tech- 
nical committees, particularly those on meetings 
and papers and on protection for the A.I.E.E., as 
well as on several American engineering standards 
committees. Since 1906, he had contributed more 
than seventy-five technical papers and discus- 
sions to the transactions of the A.I.E.E. 

He was a Fellow of the American Institute of 
Electrical Engineers, a member of the Society for 
the Promotion of Engineering Education, the 
American Association for the Advancement of 
Science, the National Electric Light Association, 
the American Society of Mechanical Engineers, 
the American Physical Society, the American 
Electro-Chemical Society, the American Ceramic 
Society, and the Society Francaise des Elec- 
triciens. He was also a member of the Sigma Xi 
fraternity. 
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G-E Direct-Current 


— 


7000-hp., 40/80-r.p.m., direct-current, 
reversing motor driving a 54-in. bloom- 
ing mill at the Lacl:awanna plant of the 
Bethlehem Steel Corporation. 
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ORED Type MD motor (top half 
of frame lifted). For the 


severest duty on steel- 
mill auxiliaries, cranes, 
shovels, etc. Conforms to 
A.I. &S.E.E. specifications. 
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Type CD motor, 3 to 200 hp. For 
adjustable-speed, constant-speed, highe 
speed, or low-speed applications. 


Type BD motor. % to 3 

p. A small d-c. motor 
adaptable toa great variety 
of applications. 
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HEAT IT ELECTRICALLY 


A survey of the literature of electric heating leads 
to the conclusion that almost everything has been 
tried at least once. Probably over-enthusiasm led 
many astray. On looking at present-day electric heat- 
ing equipment one notes the comparatively few forms 
of this equipment, its simplicity, and how well it is 
adapted to the service. The crystallization process 
has been indeed severe but industry is benefitting 
mightily thereby. 

Few manufacturing processes can be carried on 
without the use of heat, to change the shape and 
properties of the materials so that they can be 
fashioned into the final product. In many of these 
processes the energy required in the form of heat is by 
far the largest item. The extent to which electric 
energy can be used for this service is of interest to 
both the executive and the engineer of manufacturing 
organizations. The executive wants to know what is 
the extent that electric heat will increase production 
and at the same time reduce costs and improve work- 
ing conditions. To be in position to render the most 
favorable answer to this triple question is the business 
of the engineer. | 

In this third major use of electric energy, the first 
consideration of the electrical industry is the value of 
electric heat to the user of heat. This has required the 
acquisition of reliable information concerning the 
utilization of heat in the various branches of manu- 
facturing industry, and also the general problem. 
Fortunately, however varied may be the uses of elec- 
tric heat, the engineering principles of its application 
are comparatively simple within the range of exact- 
ness sufficient for practical use. The aim of the serial 
entitled “Industrial Electric Heating,” now running 
in this magazine, is to discuss these principles and 
their application with reference to the economical 
utilization of electric energy for industrial heating 
service. 

The accurate control of electric energy is its val- 
uable characteristic. Control includes both distribu- 
tion and regulation of flow. When electric energy is 
converted into heat energy, the control of the electric 
energy is at the same time the control of the flow of 
heat. 

Uniformity of product is essential in manufactur- 
ing. This becomes a paramount consideration in mass 
production. Uniformity is dependent upon the uni- 
formity in degree of control over the flow of energy 
applied to the material. Individual quality can be 
left to the artisan; this, however, is not manufactur- 
ing. The trend today is toward both quality and uni- 
formity in manufactured products. This is the result 
of the machine age in which the power of the indi- 
vidual to create is multiplied many fold by exact 
control over a flow of energy, and by means of which 
can be obtained a product that combines the art of 
the artisan and the uniformity required for mass 
satisfaction. This ideal is approached as exact control 


is obtained over the entire flow of energy that is 
employed. Hence the value of electric heat to supple- 
ment the electric motor to that end. 

The range of the application of electric heat in 
manufacturing is wide—perhaps doughnuts to steel 
ingots is not sufficiently inclusive. This breadth of 
conception however should be kept within the field of 
use in which the return justifies the means. Electric 
heat is not a universal substitute for heat obtained 
by combustion. Broadly speaking, the field of electric 
heat in manufacturing is that suggested by the pre- 
ceding paragraph; t.e., for production where uni- 
formity and quality are the important considerations. 
As examples to illustrate this classification we may 
name a few common manufactured products, such as 
alloy steels, non-ferrous alloys, glassware, vitreous 
enamel products, automobiles, machine parts, motors, 
tools, shoes, newspapers, bread, etc. Aside from the 
elements of uniformity and quality, considerations 
of convenience, speed, and hygiene are often control- 
ling factors which lead to the selection of electric 
heat. 

Progress in manufacturing is in a large measure the . 
result of the transfer of the exact methods of the 
laboratory to the shop. This transfer is made a prac- 
tical procedure in heat applications through the use 
of electric heat. The properties of materials as affected 
by heat follow definite laws in which time and tem- 
perature are primary factors. Electric heat has in 
itself no temperature limitation, low or high. What- 
ever temperature is needed is available, the upper 
limit in any case being the maximum temperature 
which the material being heated—including its con- 
tainer—can stand without injury. 

In addition to raising the temperature of a matenial, 
it is frequently the case that there is need for con- 
trolling or utilizing the effects of the contiguous 
atmosphere on the material being heated. An indi- 
vidual characteristic of electric heat is its independ- 
ence of the atmosphere. Hence the atmosphere of an 
electric heating chamber can be made suitable to the 
need and be made a participating or non-participat- 
ing agent in the heat process as desired. This feature 
materially extends the practical possibilities in heat 
application and gives to every-day procedure in the 
shop a new freedom in the utilization of natural laws. 

The use of electric heat requires a certain readjust- 
ment of both ideas and methods. Steinmetz’s forecast 
of the electric motor reads: “The introduction of elec- 
tric power in place of other forms of power rarely can 
be a mere substitution but usually requires a change 
of methods of power application, a reorganization of 
industry to secure maximum economy.” That re- 
organization was accomplished easily and swiftly. 
A similar reorganization in the use of heat in manu- 
facturing is now taking place, more slowly than was the 
case with the electric motor but as certainly for electric 
heat is demonstrating its value to that industry. 
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Switching Induction Regulators Into and 
Out of Service 


Voltage Surges Commonly Encountered—Arrangement of Switching Equipment for Feeders— Means of 
Interrupting Exciting Current—Applications of Small Oil Circuit Breakers—Switching Sequence 


By C. L. GRIFFETH and R. C. HARDY 
Central Station Engineering Department, General Electric Company 


HEN interrupting the exciting current of a 
W highly inductive circuit, as for example the 
field of a large motor or generator, a voltage 
“kick” or surge is often observed. In some types of 
apparatus this induced voltage is sufficiently high to be 
a source of danger to the operator as well as to the 
machine winding. Inductive voltage surges are likewise 
observed when switching induction feeder regulators. 
The object of this article is to treat briefly the 
cause of the voltage surge at times of switching 
single-phase regulators and to suggest the proper 
sequence of operations when regulators are placed 
in, or removed from, service. 
A brief theoretical consideration of the behavior of 


-© a self-inductive circuit such as that of an induction 


regulator will be helpful. The voltage induced in the 
shunt or excitation winding of the regulator obeys 
the relation expressed by the equation 


That is to say, with a fixed number of turns (N), the 
induced voltage (E) is proportional to the time rate of 
change of flux. In steady-state operation this change 
of flux is sinusoidal with respect to time; the funda- 
mental circuit frequency giving, of course, an induced 
or counter e.m.f. substantially equal to the impressed 
voltage. 

When a regulator is disconnected from the line by 
the opening of a switch it is quite possible that the 
contacts may be made to part when the flux in the 
magnetic circuit of the regulator is at a maximum. 
Likewise, the breaking of the switch contacts may be 
quite rapid and the introduction of resistance into the 
circuit very fast. If such is the case, the flux will decay 
at a high rate, and the induced e.m.f. will be high. In 
fact, it may be many times the normal induced voltage. 

This high induced voltage is exhibited in particular 
when the exciting current of a regulator is interrupted 
by opening an air break or disconnect-type switch, at 
which time a tenacious flaming arc may be observed. 
This initial arc in turn may even result in a flashover 
and a destructive power arc. 

The induced voltage caused by interrupting the 
exciting current is much more severe in the case of a 
regulator than with a transformer of comparable kv-a. 
rating because of the presence of the air gap and the 
greater stored magnetic energy in the regulator excita- 


tion circuit. However, it is not proposed to suggest 
schemes for reducing the magnitude of these potential 
surges, since all connected apparatus and buses should 
be liberally insulated to withstand this strain. This 
presentation will consequently be limited rather to de- 
scribing an arrangement and a sequence for switching 
regulators which is of more importance in avoiding 
flashover, arcing to ground, and hazard to operators. 

Most operating companies prefer to use single-phase 
regulators in order to obtain individual phase regula- 
tion. In such cases the series winding is connected in the 
conductor of one phase and the shunt winding between 
this and an adjacent phase or neutral conductor. 

The relative arrangement of the substation equip- 
ment according to the practice of several large 
operating companies 1s shown in the one-line diagrams 
given in Figs. 1 to 12 inclusive. 

The typical arrangement shown in Fig. 1 is used 
when no provision is made for removing the regu- 
lators from service without also de-energizing the 
feeder. With the addition of by-pass switching 
equipment, as indicated in Fig. 2, it is possible to 
disconnect the regulator without interrupting service, 
but the exciting current must be broken on the 
blades of air break switches. In a preceding paragraph 
it was indicated that this practice may result in 
flashover. Moreover, such flashovers have actually 
occurred in service. This danger may be avoided by 
the addition of an oil circuit breaker in the shunt 
circuit of each regulator as shown in Fig. 3. 

Cases have been reported where the breaking of 
the regulator exciting current by the parting of the 
primary stab contacts of a truck-type switch has 
given rise to flashover. The possibility of such failures 
may be eliminated by inserting an oil circuit breaker 
in the shunt circuit of each regulator. This arrange- 
ment of substation equipment will be seen upon 
reference to Fig. 4. 

When a transfer bus is available, as in Figs. 4 to 
11 inclusive, it is always possible to break the excita- 
tion current on an oil circuit breaker in the feeder. 
This current may be interrupted by the feeder selector 
oil circuit breaker, when such is available as in 
the cases shown in Figs. 6 and 7. If selector breakers 
are not installed, and it is not desired to open the 
exciting current on the feeder breakers, then an oil 
circuit breaker must be inserted in the shunt circuit 
of each regulator as shown in Fig. 12. 
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Fig. 1. A Single-bus Radial Feeder Circuit 
Containing Induction Regulators but Without 
Special Switching Equipment for Bringing 
Them Into and Out of Service 
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Fig. 4. Main and Transfer Buses of a Circuit 
Employing Truck-type Breakers with Regu- 
lators Having Oil Circuit Breakers in Bx- 
citing Circuits 


A i T A 
n Ing 
awite 
S L Ad O 
Circuit 
reaker 
Induction 
Regulator 
F 3 
ransfer Bus 
-— Feeders — 


Fig. 7. Feeders Supplied Through Selector Oil 
Circuit Breakers and Regulators from Two 
Main Buses 
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Fig. 2. A Regulated Feeder Circuit Having a 
By-pass Arrangement for Interrupting the 
Exciting Current with Disconnecting Switches 
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Fig. 5. Main and Transfer Buses of Regulated 
Circuit Employing Selector Disconnecting 


Switches in the Feeders 
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Fig. 8. Feeders Supplied from Two Main Buses 
Employing Regulators with Selector Equip- 
ment Consisting of Disconnecting Switches 
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Fig. 3. A Regulated Feeder Circuit Provided 
with By-pass Switching Equipment in which 
Exciting Current is Interrupted by an Oil 
Circuit Breaker 
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Fig. 6. The Circuit of Fig. 5 Supplemented 
by Oil Circuit Breakers in the Selector 
Switching Equipment of the Feeders 
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Fig. 9. A Modification of the Selector Switch- 


ing Equipment for the Regulated Circuit 
Shown in Fig. 8 
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The foregoing remarks indicate the desirability of 
interrupting the exciting current by a switch which 
will not itself break down under repeated high-voltage 
discharges and which will not allow the inductive 
arc to cause flashover. The feeder oil circuit breaker 
will, of course, take care of this duty satisfactorily. 
It should always be used as a means of breaking the 
exciting current wherever possible, as when trans- 
ferring the feeder to the transfer bus. With some 
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The Circuit of Fig. 5 Equipped with 
Truck-type Breakers and Provision for Multi- 
ple Feeders 


Fig. 10. A Regulated Feeder Circuit Con- 


sisting of Main, Transfer, Ground and Test 
Buses 


Fig. 11. 
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In Fig. 15 is shown one of these breakers in the 
shunt circuit previously described and which is 
shown in Fig. 12. Here a breaker is located on the 
right of each regulator panel. An application of the 
other type appears in Fig. 16, where the switch is 
mounted adjacent to the truck-type feeder breaker 
in accordance with the scheme of connections shown 
in Fig. 4. The function of this switch is to break the 
exciting current of the regulator before the truck is 


Oil Circuit 
Breaker 


E Truck Type 


{ 


~~Feeders~” 


Fig. 12. Main and Transfer Buses with Truck- 
type Feeder Circuit Breakers and Selector 
Disconnecting Switches. Oil circuit breakers 
are employed in the regulator exciter circuit 


Fig. 13. A Small Oil Circuit Breaker for Indoor 
Mounting which May be Utilized for Interrupting 
Regulator Exciting Current as Shown in Fig. 15 


arrangements, however, it is either inconvenient or 
impossible to interrupt the exciting current by the 
feeder breaker; and in such cases, as already pointed 
out, several companies have installed a small manu- 
ally-operated non-automatic oil circuit breaker in the 
shunt circuit of the regulator. 

Either of the oil circuit breakers of the types 
shown in Figs. 13 and 14 is suitable for this service 
and both have been satisfactorily applied. Both are 
designed to withstand such high voltage surges as 
result from interruption of regulator exciting cur- 
rent. They are of simple, rugged design, the 
difference between them being mainly in the manner 
of mounting. 


Fig. 14. A Small Outdoor-type Oil Circuit 
Breaker Suitable for Use in Installations 
Similar to That Shown in Fig. 16 


removed from the housing and thus avoid the arc 
which might otherwise follow the parting of the 
primary stab contacts. The vertical rod shown is 
connected to an operating handle which is mechani- 
cally interlocked with the adjacent truck to prevent 
rolling out the truck, on which the feeder breaker is 
mounted, until the small breaker is open and to pre- 
vent rolling in the truck until this breaker is closed. 

Some operating companies have arranged safety 
interlock schemes so that the only possible way of 
interrupting the exciting current is by opening the 
oil circuit breaker in the exciting circuit. The inter- 
locks also prevent placing the regulator back into 
service until this breaker is closed. The latter 


SWITCHING INDUCTION REGULATORS INTO AND OUT OF SERVICE 


precaution is necessary to avoid accidentally placing 
the series winding of the regulator in service without 
excitation on the shunt winding. 

The sequence of the operations to be performed 
when switching induction regulators, connected with 
buses and switches according to either of the two 
schemes more commonly followed, as shown in Figs. 
3 and 5, will now be outlined. 


Switching Manipulations 

When a transfer bus is not installed in the sub- 
station, as indicated in Fig. 3, the feeder regulator 
may be removed without interrupting service by 
means of by-pass switching. With this method of 
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or ground in one of the single-phase regulators, 
in which case the operator should not of course open 
the series circuit by disconnecting switches. Where 
there is any doubt, the safest plan would be to for- 
feit continuity of service and open the feeder breaker. 

In case a transfer bus is provided, as in Fig. 5, 
to switch a feeder regulator out of service, first 
energize the transfer bus, then throw the regulator 
control from automatic to non-automatic operation 
for this change-over and run the regulators to the 
same relative position to equalize voltages. These 
settings also may be checked by the mechanical 
position indicators on the regulators. Close the 
transfer selector disconnecting switches, thus divid- 


Fig. 15. An Installation of Regulators in Which the Switching 
is Made Through the Arrangement of Breakers 
Shown in Fig. 12 


taking the regulator out of service, throw the regulator 
control from automatic to non-automatic and run the 
regulators to the neutral position. These settings may 
be checked by inspecting the mechanical position 
indicators on the regulators. Close the by-pass dis- 
connecting switches, thus taking practically all load 
off the regulators. Then open the series disconnecting 
switches, thereby isolating the series windings. 
Finally interrupt the regulator exciting current by 
opening the oil circuit breaker in the shunt winding. 
An oil circuit breaker, rather than disconnecting 
switches, should be employed to interrupt the exciting 
current for the reasons previously enumerated. | 

Failure to place the regulator in the neutral 
position causes circulating current to flow when the 
by-pass disconnecting switches are closed. 

Before isolating the regulator with by-pass switch- 
ing it is important to be sure that the regulator is 
carrying only normal connected load. An indication 
of overload might possibly be due to a short-circuit 


Fig. 16. The Mechanically-interlocked Equipment for Regulator 
Switching Carried Out by Means of the Breaker 
Arrangement Shown in Fig. 4 

ing the load between the two buses. Open the feeder 
selector disconnecting switches, which removes all 
load from the feeder regulator. Finally, interrupt the 
regulator exciting current by opening the feeder oil cir- 
cuit breaker. If selector oil circuit breakers are installed 
in addition to selector disconnecting switches, as shown 
in Fig. 6, the exciting current to the feeder regulator 
may be interrupted by the feeder selector breaker. 

To place an isolated feeder regulator back in 
service with either of the arrangements described 
(Figs. 3 and 5) the procedure is the reverse of the 
operation and sequence of each step in its removal 
except that the voltages of transfer and feeder regu- 
lators must be equalized before paralleling the main 
and transfer buses. If the by-pass switching scheme 
is used, care must be taken to close the shunt circuit 
of each regulator to furnish excitation before placing 
it in service; otherwise the series windings may act 
as a high impedance reactor and a high voltage may 
be induced in the shunt winding. 
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Liquids as Insulators 


Liquid Dielectrics as Protection to Other Insulators—Selection of an Oil Dielectric—Sludging— 
Physical and Chemical Changes in Oil Under Various Conditions—Electrical Properties— 
Factors Relating to Dielectric Strength 


By FRANK M. CLARK 
Physicist, Pittsfield Works, General Electric Company 


IQUID dielectrics, as might 
well be expected from a 
study of their physical 

properties, bear strong resem- 
blance to gaseous dielectrics whose 
characteristics have already been 
described.“) Thus, for example, 
as electric stress is applied be- 
tween conductors properly spaced 
in oil, luminous discharge will 
finally be noted at a certain 
voltage whose value is dependent 
upon the experimental testing 
conditions. This luminous dis- 
charge is really a _ spark-over 
phenomenon in which the oil 
itself functions as one of the 
electrodes. Unlike in air, the discharge appears to 
begin quite suddenly and to extend farther out from 
the electrode surface. Like in air, however, its forma- 
tion depends upon the electrode spacing. Under cer- 
tain conditions of spacing, actual spark-over may 
occur without preliminary corona formation. 

The behavior of gaseous dielectrics was discussed 
largely from the standpoint of air.“ In a similar 
manner, the discussion of liquids will be illustrated 
by means of data obtained from petroleum oils. 

Manyclasses of electrical apparatus depend for their 
insulation on liquidand solid materials. The usefulness 
of the latter varies inversely as the water content. 
Since most solid insulators are hygroscopic in nature, 
they must, before use, be permanently freed from 
water even in minute amounts. Cellulose materials 
form the backbone of solid dielectrics, as does air in 
the case of gaseous and petroleum oils in the case of 
liquid insulators. The use of cellulose products places 
great emphasis upon the importance of the problem of 
protection from atmospheric moisture. These materials 
constitute one of the best drying agents known, showing 
an affinity for water even greater than that of calcium 
chloride or sulphuric acid, and being exceeded as 
dehydrating agents only by phosphorous pentoxide. 
After having been dried to a constant weight in an 
air oven at 100 to 110 deg. C., and again brought 
into contact with atmospheric conditions, cellulose 
will almost immediately take up sufficient moisture 
to produce equilibrium with the prevailing humidity. 


ever, 


a 


()"*High-voltage Dielectric Characteristics of Gaseous Insulators,” by 
Frank M. Clark, GENERAL ELEctTrIc REVIEW, March, 1925, p. 158. 


Of the various liquids, oils 
possess the best combination of 
those properties which are neces- 
sary in an insulator of this type. 
Considering the great variety of 
oils, it 1s rather startling to learn 
that they all exhibit practically 


the same dielectric strength when 
in the pure state. This fact, how- 
does not make them of 
equivalent value as insulators, 
because some retain their original 
properties better than others when 
in this service.—EDITOR 


Some protection is therefore de- 
manded for cellulose materials 
which are to be used as electrical 
insulators. It is here that liquid 
dielectrics play an important role. 
The best liquid dielectric is that 
one which, other properties being 
equal, possesses the least affinity 
for water and water vapor. Pe- 
troleum oils, among other liquids, 
possess such characteristics and 
occupy a position of extreme im- 
portance in relation to high- 
voltage dielectric phenomena. 


Various Types of Insulating Oils 

Insulating oils may be of ani- 
mal, vegetable, or mineral origin. Perhaps the most 
widely used oils are the mineral oils obtained in 
the distillation of petroleum. These oils possess, to 
a marked degree, the water-proofness and all- 
round desirable characteristics required of liquid 
dielectrics. 

It was formerly true that insulating oils were 
considered as oils and nothing more. Any cylin- 
der oil of the viscosity demanded was considered 
good enough for use without special treatment. 
It took but little practical experience, however, 
to indicate the wide difference in requirements 
for a good lubricating oil, as compared to those 
which are absolutely indispensable for oils to 
be used for electrical insulating purposes. To-day, 
the latter are taken from carefully selected 
stock, scientifically treated to bring out the desir- 
able characteristics, and carefully protected dur- 
ing transportation from the oil refinery to the 
electrical machine in which they are ultimately 
used. 

Oils other than those of petroleum origin are in 
more or less common use at the present time. 
Among these may be mentioned the fish oils, 
such as sperm oil, cod-liver oil, shark-liver oil, 
etc.; the vegetable oils, such as cotton-seed oil, 
linseed oil, and castor oil, the various nut oils, 
China wood oil, etc. Each has its own advan- 
tages and each possesses approximately equal 
dielectric strength when pure. As shown by Table I 
the other electrical properties may vary to a great 
degree. 
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Ideal Liquid Dielectric 
The ideal liquid dielectric would possess the follow- 
ing variety of exacting properties: 


Chemical Properties 


(1) High resistance to chemical oxidation. 
(Chemical oxidation produces increased acidity, 
which results in lowered insulation resistance and 
increased power-factor.) 


(2) Oxidation products when formed must be soluble. 
(The formation of insoluble materials as a result 
of oxidation leads to a precipitation which decreases 
the surface resistance of the insulation on which the 
deposit occurs. In addition,’ the dissipation of heat 
by radiation is retarded. This action, in electrical 


machines such as transformers, is of primary im- 
portance.) 


(3) Chemically inert to metals and organic materials. 


(4) No solvent action on or chemical affinity for water 
vapor. 
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(5) Absence of mineral matter. 

(The presence of mineral matter such as sulphur, 
although having little if any effect upon the dielectric 
strength of the liquid dielectric, leads eventually to 
a corrosive action upon the material of the metallic 
conductor.) 

(6) Absence of inorganic and organic acidity. 


(7) Chemically inert to voltage stress. 


TABLE I 
CHARACTERISTIC PROPERTIES OF TYPICAL 
INSULATING OILS 


Power- Dielectric 


Resistivity 


a“ 500 v. dc. factor Strength; 
Material ‘tivity | 100 deg. C | Badee |) kw o 
ohms per cc. 100 deg. C.|0.1-in. Gap 

Mineral oil..... 2.23 21.0 10" | 0.0004 30-40 
Whale oil......| 3.05 0.032 KX 102 | 0.0015 30-40 
Linseed oil..... 3.3 0.61 X108 | 0.0027 30—40 
Castor oil...... 4.7 0.066 X10! | 0.0070 30-40 
Cotton-seed oil.. 3.2 0.01 X10"? | 0.0005 30-40 
China wood oil. 3.2 0.08 X10'? | 0.0090 30-40 


Physical Properties 
(1) Low pour point. 
(This is of especial importance with those liquid 
dielectrics which are subject to low temperatures 
in their practical application.) 


(2) High flash point and burn point. 

(3) Non-volatile. 

(4) High specific heat. 

(5) In general of low viscosity. 

(6) Homogeneous and free from suspended matter. 


Electrical Properties 
(1) High electrical resistance. 
(2) Low power-factor. 
(3) High dielectric strength. 
(4) Low temperature coefficient of electrical properties. 
(5) Electrical properties unaffected by voltage application. 


While no liquid dielectric possesses all these prop- 
erties of the ideal case it is nevertheless true that in 
those oils at present used in transformers, switches, 
capacitors, cables, and the like a combination of 
properties has been obtained, as the result of exten- 
sive researches, endowing the oil developed with 
properties highly adapted for the apparatus in which 
it is to be used. 


Temperature Effects 

The immediate result of heating liquid dielectrics 
is observed in volumetric changes. For mineral oils 
the coefficient of expansion varies with the oil viscos- 
ity and specific gravity. For a Saybolt viscosity of 
87 sec. at 37.5 deg. C. the coefficient of expansion is 
0.00081; for a viscosity of 40 sec., it is 0.00089. The 
relation between temperature on the one hand and 
observed changes in specific gravity, viscosity, and 
volume of transil oil on the other, is shown in 
Fig. 1. 

With the continued application of heat, the flash 
and burn points of the oil are approached. With the 
more viscous materials these are of high value. Switch 
oils having a viscosity at 37.5 deg. C. of 100 sec. 
(Saybolt), for example, possess a flash point at 152 
deg. C., and burn at 170 deg. C. as compared to a 
lighter oil having a viscosity of 53 sec. and a flash 
point and burn point at 140 and 155 deg. C. 
respectively. 

With oils of low flash and burn values, the use of 
“snuffers” has been investigated. The use of only 5 
per cent of halogenated hydrocarbons has been found 
to produce a beneficial effect. The use of such mate- 
rials, however, is limited because of their highly cor- 
rosive characteristics. 

On long continued heating a variety of effects is 
noted. Poppy seed, linseed, castor, and in fact most 
of the vegetable oils, thicken, become dark and in 
some instances produce a scum over the surface as 
a direct result of oxidation, the speed of which is 
promoted by the presence of the unsaturated bodies 
present in the oil. The formation of surface scum 
on such oils as castor and linseed furnishes a pro- 
tective coating for the lower layers. Oils which 
thicken without scum formation oxidize rapidly 
throughout. 

China wood oil, although practically colorless 
when pure, soon darkens and acquires a peculiar, 
strong odor. At 200 deg. C., an insoluble, jelly-like 
substance is formed, which formation is accom- 
panied by a marked decrease in the iodine 
number. The gelation, however, can be retarded by 
the presence of a scum-forming oil such as linseed. 
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Mineral oils when subjected to long continued 
heating at 100 deg. C. exhibit progressive changes in 
properties. Prominent among these changes is a con- 
tinual increase in the acid number. The rate of increase 
in the acid number varies considerably from one 
type of oil to another, and even shows considerable 
difference among oils of the same class. Typical 
changes in the acidity of oils subjected to heat 
treatment in an air oven at 100 deg. C. are shown in 
Fig. 2. Here the changes in linseed oil, a typical 
vegetable oil, are compared with the changes in 
two typical mineral oils, the one a highly refined oil 
and the other 10-C transil oil. 

The selection of an oil dielectric for use in electric 
machines must be determined primarily by a complete 
review of the conditions to which the oil will be sub- 
jected in practice. For example, oils operating under 
high stress and exposed to air must have high 
resistance to chemical oxidation, since the electrical 
resistivity is progressively lowered as the acidic oxi- 
dation products accumulate. 

On the other hand, in practically all electric ma- 
chines the ready dissipation of heat by conduction, 
radiation, and convection is absolutely fundamental 
to the life of the apparatus. In such cases the use of 
an oil which will precipitate an insoluble material, as 
a result of oxidation, must be avoided since the dis- 
sipation of heat is greatly retarded by the presence 
of such ‘‘sludge’’ materials. 

Sludge may be described as consisting of those 
insoluble materials which are precipitated from 
solution when an oil is subjected to conditions 
favoring oxidation. Despite considerable research, 
the problem of oil sludging, its detection and preven- 
tion, is still unsolved. Various theories have been 
suggested. The decrease in the iodine and bromine 
value of oils during the sludging process, accompanied 
as it is by increased acidity, viscosity, and specific 
gravity, at once suggests a molecular polymeriza- 
tion and oxidation resulting in the formation of 
organic acidic materials of high molecular weight. 
This explanation has been repeatedly attacked. 
Wolff, © for instance, has devoted considerable study 
to the changes in oil during a heat run and 
claims that such an explanation is not warranted 
by the facts observed. When the oil is subjected to 
oxidation, it is true that a decrease in the iodine and 
bromine value is observed together with an increase 
in the viscosity, but Wolff’s experiments indicate 
that such changes are not concurrent. The bromine 
number may reach a minimum even before any 
material change in viscosity occurs. On the other 
hand, it is claimed by Wolff that the resultant vis- 
cosity changes are typical of those characteristic 
of colloidal materials. This suggests that the viscosity 
increase is due to colloidal phenomena and not to 
polymerization. In fact, the molecular weight re- 
searches of Wolff indicate no possibility of poly- 
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merization. The decrease in the bromine value 
(which all researches reveal) is said to be due to the 
grouping of the colloidal materials. This occurs in 
such a way as to effectively block bromine or iodine 
addition. 

The drying of China wood oil lends support to 
the theories advanced by Wolff. The process is 
essentially one of oxidation, but the accompanying 
changes in specific gravity, bromine and iodine 
numbers, and viscosity are primarily of a colloidal and 
physical-chemical nature. Thus China wood oil, 
according to the results of Eibner®) and others, 
shows considerable oxidation effects after six months’ 
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exposure. Molecular weight determinations, how- 
ever, show that the oxidation is accompanied by a 
splitting rather than a polymerization process. 

With linseed oil, a study of the iodine number, 
density, and molecular weight, shows that the oxida- 
tion is accompanied by a polymerization which is 


TABLE Il 


CHANGING PROPERTIES OF MINERAL OILS 
DURING A HEAT RUN 


Properties Before Heat Run After Heat Run 
Color........ Colorless Light red 
Acidity...... 0.02 mg. NaOH per gr.|0.15 mg. NaOH per gr. 
Power-factor 

(100 deg. C.)|0.0004 0.0028 
Resistivity 
(100 deg. C.) 21.0 X 10" 0.3 X 10" 


probably intra as well as extra molecular. This 
polymerization is slow below 100 deg. C. but becomes 
marked above 200 deg. C. Agents such as carbon 
tetrachloride tend to retard the polymerization 
process. 

It has of course long been known that the fast- 
drying vegetable oils, such as linseed, possess high 


(7) Wolff: 
(1924), p. 729. 

(3) ibner et al.: "Polymerization and Oxidation of Oils.’ "Chem. Umschan, 
81 (1924), p. 69. Eibner and Wiblietz: “Linseed and Poppyseed Oils.’ 
Chem. Umschau, 31 (1924), p. 109. 


“Polymerization of Drying Oils.” Zeit. Angew Chem., 37 
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iodine values, denoting a considerable degree of 
unsaturation. It is reasonable to believe that the 
presence of these unsaturated bonds accounts for the 
great affinity of these oils for oxygen. Coffey has 
assumed the complete oxidation of these bonds, and 
furthermore inclines toward the belief that a selective 
oxidation reaction occurs. 

The fundamental chemical reactions during the oxi- 
dation of the fast-drying oils, such as linseed, involve 
the absorption of oxygen at the point of unsatura- 
tion inthe molecule. The peroxides so formed are 
catalysts and further extend the oxidation, result- 
ing in the formation of organic acids and lactones, 
or the intermediate formation of aldehydes. These, 
if formed, are easily capable of condensation and 
polymerization, especially in the presence of basic 
oxides. 

The heat-acidity relationship of oils, especially 
in the case of the unsaturated organic oils is dis- 
tinctly of a catalytic nature. Rutt, Watkins and 
others ®) have shown the effect of catalytic materials 
in the oxidation of paraffin wax. This material was 
heated at 208 deg. C. under a vacuum for 509 hours. 
It was then exposed to air at 100 deg. C. for 48 hours, 
giving a product containing 9.9 per cent oxygen. 
The wax so treated was then extracted with methyl 
acetate and re-crystallized. It was then heated in 
air at 100 deg. C. for 457 hours and a product con- 
taining only 0.7 per cent oxygen was obtained. Other 
examples could be cited. Thus, Grunback and Holm © 
observed that the oxidation of fats was catalyzed 
positively by the formation of the unsaturated acids 
during the process, and negatively by the presence 
of water and water vapor. The search for an efficient 
negative catalyzer in the oxidation of electrical 
insulating oils has been the long-sought goal of the 
oil chemist and the electrical engineer. 


Catalysts to the Oil Oxidation Process 

The problem of chemical oxidation has long been a 
subject of careful research because of its paramount 
importance both in the field of pure and applied 
science. Its characteristics, in general, are well known 
and the influence of various materials upon the rate 
of the reaction clearly recognized. The presence of 
traces of water vapor, for example, plays a prominent 
part in the oxidation of metals, of phosphorous, and 
the explosive reaction between hydrogen and oxygen. 
Such reagents which change the rate of a chemical 
reaction are termed catalysts. Two classes of cata- 
Ivzers are recognized. Those materials which assist 
the rate of reaction are called positive catalyzers. 
Those which retard the rate of reaction are called 
negative catalyzers. 


Mooie 
June, | 

RA Watkins et al.: ME a of the Oxidation of Paraffin Wax.” 
Jour. Chem. Soc., 125 (1924), P. 

(*)Grunbank and Holm: " Ind. and Eng. 
Chem., 16 (1924), p. 598. 


“Drying of Oils.” Jour. of the Oil and Color Chem. Assn., 


"Auto Oxidation of Fats. 
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Positive catalyzers for the oxidation of insulating 
oils are many. With the unsaturated organic oils, 
as has already been stated, the products of the 
oxidation act positively upon the rate of the 
reaction. The most widely known catalyzers of 
insulating oils, however, are the metals. Heyden and 
Typke,™ for example, have recently confirmed pre- 
vious experiments showing that copper and copper 
alloys, such as brass, rheotan, constantan, and the 
like, increase the rate of oxidation and sludge forma- 
tion. Tin, nickel, and iron act likewise. Lead is 
attacked by the oil acids giving a low molecular 
weight material, insoluble in oil. This material is 
gradually acted upon, however, and redissolves. 
Lead, copper, and zinc are all attacked to a more or 
less extent by the oil acids. 

A most interesting question is that of the negative 
catalyzer. Some metals are claimed as such, t.e 
zinc and aluminum by Heyden and Typke. To these 
may be added the weakly basic oxides such as those 
of magnesium and copper. The action of phenolic 
materials has been investigated by Krypsin and 
others. Apparently no retardation in the rate of the 
oxidation is caused by the use of pyrogallol, alpha 
naphthol, or meta cresol, using 0.1 gram per 30 grams 
of the oil, the amount of resin and asphaltic material 
being determined by the Kissling method. (8) 


Detection and Measurement of the Oil Sludging Character- 
istics of Insulating Oils 

A variety of tests for the detection and estimation 
of the oil sludging characteristics of insulating oils 
are now in use. None has as yet been found entirely 
satisfactory or widely accepted. The prevailing tests 
may be roughly grouped into two classes: the first 
consisting of those tests which are chemical in nature; 
and the second, those tests which might be described 
as accelerated life tests. 

The chemical tests which were formerly in more or 
less general use are being, at least in this country, 
slowly superseded by the second type mentioned, 
the accelerated life tests. Among the more important 
chemical tests now being used are the Nastjukoff 
test, ®© the Kissling test, ) the Michie test, “® and the 
Waters carbonization test. 0D 

The Nastjukoff (Formalite) test is merely the 
reaction of oils with formaldehyde in the presence 
of concentrated sulphuric acid. The insoluble product 
so formed is filtered, washed with petroleum ether, 
dried, and weighed, the weight’ being accepted as an 
estimate of the oil sludging characteristics. 

The Kissling test consists of passing a stream of 
oxygen through oil at 120 deg. C. for a fixed period with 


(Heyden and Typke: “The Effect of Metals on Transformer Oils.” 
Pet. Z. 1924-23: 20. 

(s)Kissling: Quantitative Determination 7 a Sludge.” Chem. Zeil.. 
830 (1906 , P. 932: 32 (1908), p. 938; 33 (19 09), 21. 

o)“ Seo Formalite Reaction.’ Chem. Zeit. 84 (1909) 893; Pet. 


4 (1909) 1 
World Power, 1 (1924), 


(9) Nutali: “Sludge Tests for Transformer Oils.” 
Bur. Stds. Pub. No. 99 (1920). 


p. 92. 
(11)! ‘Waters Carbonization Test.” 
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or without the presence of a catalyzer. The acidic in- 
soluble products are extracted with alcoholic sodium 
hydroxide and precipitated with light naphtha. The 
procedure varies considerably with different users. 
For general insulating oils, 30 grams of the material 
when blown for 60 hours at 120 deg. C. should not 
ive a precipitate of more than 0.6 per cent. 


The Michie test exposes an oil to air or oxygen. 


at 150 deg. C. in the presence of copper for 45 hr. 
The oxidized products are precipitated with benzine, 
dried, and weighed. The asphalt or Michie number 
is influenced by the test factors which must therefore 
be rigidly controlled. 

In the Waters carbonization test the oil is oxidized 
in air at 250 deg. C. for 214 hours. The product is 
then extracted with petroleum ether, filtered, dried, 
and weighed. The result gives the so-called carboniza- 
tion value. 

Various other chemical methods have been used 
to estimate the sludging tendencies of oils. Among 
these may be mentioned reactions based upon the 
acid-forming properties of the oils, studies made of 
the iodine and bromine values, and chemical reactions 
involving the use of bleaching powder, metallic 
sodium, etc. None, however, has shown decided 
advantage and none has been widely accepted. 

A method which is coming into prominence as a 
means of determining the sludging properties of 
oils is that which has been called an accelerated life 
run. In this test, samples of oils are placed in a 
constant-temperature air oven at 120 deg. C. A 
typical oven devised for this test by the Pittsfield 
Laboratory of the General Electric Company is 
shown in Fig. 3. On an internal revolving platform, 
so arranged as to secure uniform heating throughout 
all of the samples, are placed beakers, each containing 
500 cc. of the oil to be tested. The time at which the 
samples are placed in the already heated oven is 
noted and regarded as the start of the run. Each day 
thereafter the revolving internal platform is stopped 
and the samples are observed by momentarily lifting 
out a specimen of the oil in a small pipette. Changes 
in the color of the oils have been found to be excellent 
criteria as to the progress of the tests. As soon as 
any sample is found to be near the sludging condition, 
10 cc. of it is removed and later centrifuged, the 
process being repeated daily thereafter. The time 
elapsing from the start of the experiment to the 
appearance of an insoluble deposit is taken as an 
estimate of the sludging characteristics of the oil 
under consideration. 


Viscosity 

Viscosity values play a large part in the selection 
of an oil for electric machinery. In many cases this 
problem is closely related to that of heat dissipation. 
In oil-filled transformers, for example, viscosity speci- 
fications are carefully set up and rigidly adhered to. 
~~ (Snyder: “Sludging Tests for Transformer Oils.” Proc. A.S.T.M., 1924. 
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The lowest viscosity compatible with a safe flash and 
burning point is demanded. 

When a spark discharge passes through oil, carbon 
and other products are formed. The presence of this 
carbon considerably lowers the electrical properties 
of the oil. Its elimination is essential for the proper 
functioning of the dielectric in such apparatus as oil 
switches and the like. Other factors than viscosity 
must of course be considered, but it is evident that, 
other properties being equal, oil of lower viscosity 
will more easily allow the removal of the carbon by 
means of precipitation. 


Fig. 3. A Constant-temperature Air Oven Used in Determining 
Sludging Characteristics of Oil Samples 


Of the liquids used to impregnate solid insulation, 
those of low viscosity are best suited to thoroughly 
treat the material. Even after a satisfactory treat- 
ment, highly viscous materials suffer obvious disad- 
vantages. With machines in operation, vibratory 
motion, or in the case of cables, bending, may easily 
cause the formation of voids in the space between 
solid dielectric laminations. It is the presence of these 
voids to which many instances of insulation failure 
can be traced. With the more fluid materials such as 
mineral oils, the formation of these voids is less likely 
to occur. 

Fortsch and Wilson“) have made a study of the 
temperature-viscosity relation for a variety of oils. 
Contrary to the work of Hershel, “” their results point 
toalogarithmic relation only inthe case of light paraffin 
oil. With oils of greater or less viscosity, this rela- 
tionship does not hold. This is illustrated in Fig. 4. 


Conductivity and Resistivity 
When an electric potential is applied to a liquid 
dielectric, the current flowing is made up of two 


(3)Fortsch and Wilson: “Viscosity of Oils at High Temperature.” Ind. 
and Eng. Chem., 16 (1924), p. 789. 

(11) Hershel: *‘Viscosity- Temperature Relation in Oils.” Ind. Eng. Chem., 
14 (1922), p. 715. 
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parts: absorption and conduction. The former slowly 
dies out. Liquid conductivity is greatly affected by 
the temperature, method of sampling, previous 
history of the material, incident light, etc. It seems 
however to be independent of the material of the 
electrodes. Schrader,“ for instance, has found no 
difference in the conductivity of oil tested between 
electrodes of brass, copper, nickel, silver, or gold. 
Table III shows the resistivity of transil oil at 
several temperatures. 


TABLE Ill 


TEMPERATURE-RESISTIVITY RELATION 
IN MINERAL OIL 


Temperature Resistivity 
(Deg. C (Ohms Per cc.) 
30 250 X10”? 
60 100 X 10” 
100 15 x10" 
Permittivity 


The permittivity of organic liquids is dependent 
upon the presence of a polar carbon within the mole- 
cule. A polar carbon is a carbon atom to which is 
attached two or more different atoms besides carbon, 
or those to which one or more electro-negative atoms 
are combined. Liquids containing such carbon atoms 
are dipolar and possess increasing permittivity and 
high temperature coefficient. With two or more polar 
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Fig. 4. Logarithmic Curves of the Temperature-viscosity 
Relation for Various Oils 


Curve A—145 gravity M.C. residuum (884 sec. at 210 deg. F.) 
Curve B—Heavy motor oil (121 sec. at 210 deg. F.) 
Curve C—Red oil (485 sec.) 
Curve D— Light motor oil (219 sec.) 
Curve E—W White oil (118 sec.) 
Curve F— Light paraffin oil (79 sec.) 
Curve G—Pressed distillate (66 sec.) 
Curve H—Mineral seal (44 sec.) 
Curve [—Kerosene 
Curve J—Octane 
Values in italics denote Saybolt Universal Viscosity of the oils taken at 
100 deg. F. unless otherwise stated. 
(Curves based on data of Fortsch and Wilson.) 


carbons, the molecular permittivity and temperature 
coefficient are mean values of the individual effects. 
Many unsuccessful attempts have been made to 


(13) Schrader: 
(1919). p. 336. 


“Conduction in Liquid Dielectrics." Elec. Jour., 16 


explain the magnitude of the permittivity of organic 
liquids upon a basis of the physical constants in- 
volved. The recent researches of Grim and Patrick, “® 
for example, showed no definite relationship to exist 
between the permittivities of a large variety of pure 
organic liquids, and such properties as the surface 
tension, and latent heat of vaporization. 
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Fig. 5. Permittivity Values in Liquid Solutions at 25 Deg. C. 
and 1000 Cycles, by Bridge Method 


Curve A—Carbon tetrachloride—alcohol mixture. 
Curve B—Ether-alcohol mixture. 
Curve C—Alcohol-benzene mixture. 


(Curves based on data of King and Patrick.) 


The permittivity and specific gravity of various 
liquid dielectrics is given in Table IV. No definite 
relationship seems evident. 

The resultant permittivity of liquid mixtures varies 
continually and consistently as the composition of 
the mixture is changed from one extreme to the other. 
This is illustrated in Fig. 5 


TABLE IV 
Liquid Ppa oy at T at 

Acetone............. 0.797 21 
Ethyl alcohol........ 0.789 25.8 
Aniline.............. 1.022 7.1 
Benzene............. 0.886 2.2 
Castor Oily sock co cece s 0.956 4.7 
Cotton-seed oil....... 0.960 * 3.8 
Linseed oil.......... 0.930 3.1 
Mineral oi].......... 0.850 2.23 
Patani vedo ete 0.899 2.29 
Shellac.............. 1.173 3.7 
Toluene............. 0.866 2.3 
Vaseline............. 0.863 2.17 
Wax, ceresin......... 0.917 2.4 


The effect of temperature change upon the per- 
mittivity of liquid dielectrics varies considerably 
with the material investigated. In general, an increase 
in temperature results in decreased values. Thus 


(%)\Grim and Patrick: ‘‘Dielectric Constants of Organic Liquids.’’ 


J.A.C. 45 (1923), p. 2794. 
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water at 2.3 deg. C. gives a permittivity of 90.7, 
while at 99.5 deg. C. the value has fallen to 57.4. 
Aniline at 25 deg. C. has a value of 7.4, at 174.5 
deg. C. only 4.19. Nitrobenzene at 18.6 deg. C. 
shows a permittivity of 35.6, at 203.9 deg. C. it 
is 15.35. 

There is however no linear relation between tem- 
perature and the permittivity value. Isnardi“” has 
found that with benzene the permittivity rises sud- 
denly just before the melting point. With acetone, 
a linear increase occurs as the temperature falls. 
For glycerine, the permittivity increases rapidly 
as the temperature increases from —32 to -14 deg. C. 
after which a slow decrease occurs with a continual 
increase in temperature. 

Waible“%) has investigated the relation between 
applied pressure and permittivity. With pressures 
varying from 1 to 130 kg. per sq. cm. (14 deg. C.), 
the effect may be summed up in the expression 


E = Eo (1 +aP + bP”) 


where E = permittivity at pressure P. 
E= permittivity at pressure of 1 kg. per sq.cm. 
P =pressure applied. 
a and b are constants. 


Frequency changes seem to have but a negligible 
effect upon the permittivity value of good dielec- 
trics. However, commercial dielectrics in many cases 
show a value which although approximately constant 
up to 10‘ cycles per second gives decreasing permit- 
tivity at higher frequencies. 


Dielectric Loss 

Dielectric losses in liquids increase with an in- 
crease in the applied voltage, though up to the point 
of breakdown no rapid increase occurs such as would 
be noticed if a large number of discharges took place. 
The insulating properties show no great change 
until the point of breakdown is reached. This agrees 
with the theory advocated by many physicists that 
the breakdown of a liquid insulator is a function of 
the ionization by collision phenomena, as with air, 
little or no loss resulting up to the point of failure. 
The conductivity which is always noted to a greater 
or lesser extent with mineral oils is generally accredited 
to the presence of water, dust fibers, and the like. 
Such conductivity, however, shows a somewhat slow 
and consistent growth with the increase in the 
applied voltage. 

Quite different results are obtained with aerated 
oils, especially with the more viscous materials. Here, 
as the voltage is slowly increased the losses at some 
fairly definite point suddenly show a rapid increase, 
leading to a decided variation in the shape of the 
dielectric loss-voltage relationship. It is at this point 


(17)Isnardi and Gans: “The Dependency of the Dielectric Constant of 
a Liquid on Temperature.” Zeit. f. Physik, 9 (1922), p. 1953. 

(18)Waible: ‘Dielectric Constant and Pressure.” Ann. d. Physik, 78-8 
(1923), p. 161. 
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that the gas bubbles in the material between the 
electrodes become ionized. Conduction losses there- 
fore depend upon the elimination of water and solid 
impurities; and ionization losses upon the removal 
of gas bubbles. Losses resulting from gaseous ioniza- 
tion constitute an ever-present problem in the prac- 
tical application of oil-treated fibrous insulation, 
especially in insulation subjected to relatively high 
voltage stress such as is found in transformers, 
cables, and capacitors. The complete removal of the 


Fig. 6. A Testing Set for Determining the Dielectric Strength of Oils. 
The set consists of a transformer, a hand-operated regulator with a 
graduated voltage-indicating disk on the movable element, 
and a receptacle for the sample which surrounds the 

electrodes 


last traces of air in such materials is possible only 
by means of a carefully regulated vacuum-heat 
treatment. 

The effect of frequency upon the dielectric losses 
in liquids is practicably negligible. This is entirely 
different from the effect of frequency upon the losses 
observed in solid dielectrics. It seems probable that 
the losses in liquids (when pure) are chiefly due to 
ionic conduction, in solids largely to hysteresis. 


Dielectric Strength 

Dielectric strength may be defined as that mini- 
mum voltage able to produce an arc between elec- 
trodes. A portable oi] testing set, by means of which 
samples are readily tested, is shown in Fig. 6. The 
mechanism of the electrical breakdown of liquid 
dielectrics is considered by many as similar to that 
which has been well established for the electrical 
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failure of gases, t.e., an accumulation of ionized parti- 
cles due to electronic or ionic collision effects, any 
experimental differences being traced to differences 
in the physical characteristics of the two materials. 

Schulze “) has suggested a somewhat different mech- 
anism. According to this theory, gas formation 
is the fundamental cause of failure. All liquids contain 
ions, the kinetic motion of which is accelerated under 
an applied electric stress. This accelerated motion 
through the dielectric results in the generation of 
heat, which in turn generates a ‘‘gas trail.’’ Other 
ions upon hitting these vapor paths cause ionization 
by collision as in gaseous materials. The accumula- 
tion of these ionization effects results in spark propa- 
gation. The dielectric strength will therefore depend 
upon the size of the ions involved, the viscosity of 
the liquid, the heat of vaporization, density of the 
vapor, the ionization potential of the vapor, etc. 
Whatever be the true explanation of the phenomena 
occurring in liquid dielectric failure, the effects 
produced by the variously shaped electrodes, by 
imposed pressure, by increased temperature, etc., 
must be adequately explained. 


Strength-thickness Relation 


Oil and other liquid dielectrics possess lowered 
dielectric strength in bulk. The strength falls off 
approximately as the square-root of the thickness of 
the layer tested (kv.=AT"), using disk electrodes 
at 25 deg. C. (Fig. 7). 
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Fig. 7. The Strength-thickness Relation, Showing Its Variation 
as Electrodes of Different Shape Are Used 
Curve A—4-in. disks. 
Curve B—2-1n. spheres. 
Curve C— Blunt conical points. 
Curve D— Needles. 
Curve E—4-in. disk and needle. 
(Curves based upon data given in Fig. 8.) 


Effect of Electrode Shape 


As the shape of the testing electrodes 1s changed 
from very sharp points to blunt needles, to spheres, 
and finally to flat disks, a great variation in the 
thickness-strength relation for liquid materials will be 
observed. Typical results are given in Fig. 8. The 


(Schulze: ‘Dielectric Strength of Liquids and Solids.” Jahrb. 
Radroakt Elektronik, 19 (1922), p. 92. 


18] 


effects are produced by differences in the stress distri- 
bution occurring with the various shaped electrodes. 


Effect of Electrode Size | 

W.Spath ) has observed that withsmall gapsettings 
(0.05 to 1.0 cm.) the strength of oil is independent 
of the diameter of the testing electrodes (disks) 
within the range used, which varied from a minimum 
diameter of 40 cm. to a maximum of 90 cm. With 
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Fig. 8. Effects of Dimensions of Gap and Shape of Electrode Upon 
Dielectric Strength as Shown in Teste Made at Room Temper- 
ature, Using 60-cycle Sine-wave Voltage 

Curve A—4-in. disks. 

Curve B—2-in. spheres. 

Curve C—Blunt conical points. 
Curve D— Needles. 

Curve E—4-in. disk and needle. 


long gaps, the larger electrodes give the larger break- 
down values probably through a better distribution 
of the electric stress. It has been estimated that the 


. gap distance should not exceed a value greater than 


10 per cent of the electrode diameter. 


Effect of Temperature 

The dielectric strength of oils is affected by the 
temperature of the test. As illustrated by Tobey @” 
and by Hendricks,'* the strength decreases with 
decreasing temperature to a minimum value which 
is reached at a point just before the actual solidi- 
fication of the oil. On either side of this value an 
increase in the dielectric strength occurs. (Fig. 9.) 


Dielectric Strength-Resistivity Relation 

There seems to be no definite relation between the 
strength and the resistivity of oils. Those of low resis- 
tivity demand in many cases high voltage to puncture. 

Dielectric strength and resistivity changes of min- 
eral oil with temperature are given in Fig. 10. From 
the data in Table V, oxidation at 115 deg. C. under 
partial vacuum produces a drop in resistivity which 
is not accompanied by a change dielectric strength. 


The Time Factor 

The time for spark-over in gases is measured in 
terms of microseconds.* In liquids, the time factor is 
of greater importance although in no way comparable 
to its value in solid insulation. With unlimited time 


í ()Spath: “Breakdown of Transformer Oils.” Arch. f. Elektroi 12. 
1923), 
(a) Robey: * ‘Dielectric Strength of Oils.” Jour. A.J.E.E., 29 (1910), 
p. 1189. 
(*) Hendricks: ‘‘Transformer Oils.” Jour. A.1.E.E., 80 (1911), p. 327 


*A microsecond is a millionth of a second.—Eb. 
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at low frequency, the voltage needed to puncture 
is of constant value. With transient voltages, how- 
ever, greater applied stress is necessary. The effect 
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Frequency Effects 


With frequency from 30 to 111 cycles per second, 
Langsdorf @® has found that breakdown occurs after 


of short-time voltage application on solid insulations 
seems cumulative. @) With oil, no such effect is 
noted. 

With long-time application, the breakdown values 
of oils at high frequency are considerably less than 
at 60-cycle voltages. 


a definite number of repetitions of stress. However, 
under the conditions of operating practice, the break- 
down voltage of oil has been found to be independent 
of frequency. 


Effect of Motsture 
One of the greatest problems confronting the 
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strength, a 50 per cent increase resulting from a 
gauge pressure change from 0 to 200 lb. per 
sq. in. In gases, dielectric strength changes with 
applied pressure are explained by the changing oL 
values of the mean free electronic and ionic 
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current. 


methods are by paper or centrifugal filtration by 
means of which large bodies of oil may be quickly 


application seems to further emphasize the possibility i l 
and efficiently dried. 


of a common cause of failure for both gases and 


liquids; t.e., ionization resulting from electronic and 
ionic impacts. 


A.I.E.E., 34 (1915), p. 1695. 


(74) Peek: “Impulse Effects.” Jour. 
' Jour. A.LE.E., 


Clark: “The Dielectric Properties of Fibrous Insulation.’ 
44 (1925), p. 3. 


A method has been suggested by Woog® for the 


(4) Langsdorf: “Dielectric Strength-Frequency.” Elec. World, 52 (1908), 
p. 942. 


Oils.” 


(3) Hirobe: “The Effect of Moisture on the Dielectric Strength of 
Elec. Chem. Lab. (Japan) No. 25 (1916). 
(6)P. Woog: “Surface Alteration in Glass Detected by High Voltage 


Currents.” LeV erre, 4 (1924), p. 54 
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detection of water in liquid hydrocarbons when present 
in amounts as small as 1 part in 60,000 (0.001 per cent). 
This method has been described as follows: 


“The liquid was placed in a tall cylindrical 
vessel, standing on a metal plate. The top of the 
cylinder was closed with an ebonite strip holding 
through its center a brass rod which terminated 
in a brass sphere. The brass sphere and rod were 
centrally located in the liquid. A 25-cycle alternat- 
ing-current voltage was applied to the metal plate 
and the brass rod. With sufficient voltage a dis- 
charge was obtained, the current flowing from the 
brass rod to the surface of the glass and over the 
glass surface to the metal plate. When the care- 
fully dried cylinder was filled with anhydrous 
mineral oil the resistance was high. The moisture 
retained on the surface, however, was sufficient 
to conduct a current and a discharge was obtained. 
With a rise in temperature of the oil, lower dis- 
charge voltages were necessary. If on the other 
hand a liquid hydrocarbon containing a trace of 
water were used, the discharge voltage decreased 
with the temperature on cooling and then rose 
again on heating the liquid. ” 

The explanation is given by Woog that the surface 
of the glass effloresces liberating basic materials by the 
hydrolysis of the silicates. The CO, of the air causes a 


thin film of Na:CO;. This salt will crystallize with four 


or five molecules of water at room temperature but 
on cooling will form the hydrate with ten molecules 
of water if water is available. The latter effloresces 
on heating if its vapor pressure is higher than that 
of the water vapor contained in the liquid. 

Perhaps the largest use of liquid insulators occurs 
in connection with solid materials. The latter after a 
thorough drying process, generally under a vacuum 
at a temperature of 100 to 115 deg. C., are treated 
with the impregnating liquid. The function of the 
liquid and the solid have been frequently discussed. 
The liquid imparts to fibrous materials a greater 
dielectric strength and permittivity than originally 
possessed by the untreated solid, in addition to 
protecting it from atmospheric humidity effects. 
The solid on the other hand, although throwing 
greater electric stress upon the liquid present (as a 
result of the lower permittivity of the liquid) endows 
the liquid with greater dielectric strength by acting 
as a barrier to the lining up of fibers and other solid 
impurities, as well as by serving to limit the energy 
distance available for the production of ions and 
electrons by collision. 


Impurities 

The dielectric strength of oils seems but little 
affected by the presence of inorganic impurities 
such as sulphur. It is however very sensitive to 
fibers. These under electric potential line up in the 
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areas of greatest stress and lead to insulation failure 
at greatly reduced voltages. The importance of such 
materials has been emphasized by the work of Hayden 
and Eddy, ¢ Hirobe, °) Ogawa and Kirbo,and others. 
The latter investigators have noticed, in the presence 
of very small amounts of fibrous materials, a reduction 
of as much as 33 per cent in the dielectric strength. 
In fact, the effect of dust, fibrous materials, and the 
like on the dielectric strength of oils was so great 
that Hirobe suggested that the great lowering which 
previously had been accredited to the presence of 
water was not so much due to the water itself as to 
the dust and other contaminating materials absorbed 
by the emulsified water droplets. 

The absorption by colloids or suspensoids of the 
emulsified water in mineral oils is of great importance 
in those oils which are subjected to continual arcing 
in their practical use, such as for example the switch 
oils. Here, water and carbon are formed with each 
arc struck. The carbon must be precipitated. If 
water be present, it is absorbed by the suspended 
carbon particles which are thus held in suspension 
and are attracted to the electric field with disastrous 
results. They may finally be drawn to the electrodes 
and precipitated upon the neighboring parts, result- 
ing in greatly decreased surface resistance. 

The acidity of oil must be low. Sulphuric acid of the 
purifying process must be removed. The presence of 
slight traces of organic acidity is not of great harm, 
but if present in large amounts leads to a gradual 
weakening effect upon the mechanical strength of the 
fibrous insulation present and lowers the demulsibility 
of the oil. 


Voltage Effects 


As ordinarily used in electrical apparatus, insulat- 
ing oils are but little affected by the applied potential. 
Oils subjected to continual discharge, however, are 
greatly changed both in their chemical and physical 
properties. The action of glow discharge upon oils 
has been investigated by Eichwald. He has found 
that fatty oils subjected to a glow discharge break 
down with the formation of hydrogen as a result of 
the electronic bombardment. This hydrogen is 
not evolved but reacts chemically with the un- 
saturated hydrocarbons present. The residual groups 
from the hydrogen evolution process combine or 
polymerize to large molecules which are not identical 
with the ordinary products of polymerization. Thus 
an oil originally possessing 42 per cent saturated and 
58 per cent unsaturated products was found by 
Eichwald to contain, after subjection to a glow dis- 
charge, 69 per cent saturated and only 31 per cent 
unsaturated materials. This process has been made 
use of in the production of lubricating oils. 


(?71) Hayden and Eddy: “Five Hundred Tests on The Dielectric Strength 
of Oil.” Jour. A.L.E.E., 41 (1922), p. 138. 

(4)Eichwald: “Glow Discharge on the Primary Tars." Zeit. Angew 
Chem., 38 (1923), p. 611. 
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Some Past Developments and Future Possibilities in 
Very High Voltage Vacuum Tubes 


By DR. W. D. COOLIDGE 


Assistant Director, Research Laboratory, General Electric Company 


ARLY in our work on the 
E hot-cathode high-vacuum 
x-ray tube, we were made 
conscious of a certain limitation. 
Such a tube behaved consistently 
only so long as a certain applied 
voltage was not exceeded. When 
this voltage was exceeded, current 
flowed through the tube even 
when the cathode was not heated. 
This current increased rapidly 
as the applied voltage was in- 
creased. Depending on the design 


On the fifteenth of last February, 
Dr. Coolidge was honored with 
the Edison Medal for his contri- 
butions to the incandescent electric 
lighting and the x-ray arts.” The 
presentation took place at the An- 


nual Convention of the A.I.E.E. 
in New York City, on which 
occasion he delivered the paper 
that is here reproduced complete 
except for the omission of the 
introductory remarks.—EDITOR 


quite independent of whether the 
filament was lighted or not. 
Experiment showed that the 
determining factor was not the 
magnitude of the applied poten- 
tial difference, but rather the elec- 
trical potential gradient at the 
surface of the cathode. The cold 
cath ode discharge was favored by 
close spacing of electrodes and by 
the presence of sharp edges and 
corners on the cathode structure. 
While our first acquaintance with 


of the tube, the discharge might 
pass directly from one electrode 


to the other, or it might pass from one electrode to 
the glass wall of the tube and then to the other 


electrode. 


the effect had been made at volt- 
ages of the order of magnitude 
of a hundred thousand, we found later that by placing 
the electrodes only a few mils apart and using a 
cathode consisting of a tiny tungsten wire, say 1 


Fig. 1. Two-section Cathode-ray Tube for Operation 
at 600,000 Volts 


The discharge was shown to consist of tiny jets of 
electrons coming from the cathode. When these jets 
went directly to the anode, their points of impact 
could be recognized by the heating, fluorescent, 
and x-ray effects which they produced. When they 
impinged upon the glass, they produced the small 
fluorescent patches familiar to those who have worked 
with the original gas-filled x-ray tube when the latter 
had too high a vacuum to function properly. In the 
x-ray tube the discharge in question took place from 
the edges of the focussing device and, by means of the 
x-ray pinhole camera, it was easy to show that it was 


Fig. 2. Three-section Cathode-ray Tube for Operation 
at 900,000 Volts 


mil in diameter, the cold-cathode effect could be 
observed with only a couple of thousand volts. ° 

It is as though electrons could be pulled out of the 
cathode by the simple application of a sufficiently 
strong electrostatic field. 

The cold-cathode effect sets a limit to the voltage 
which can be used on a given tube; for if one attempts 
to raise the voltage appreciably in spite of it, he 
either punctures the tube (through the local heating 
attending bombardment of the glass) or experiences 
a runaway arc discharge (through bombardment of 
the anode). 


SOME DEVELOPMENTS IN HIGH-VOLTAGE VACUUM TUBES 


In our earlier attempts to build x-ray and cathode- 
ray tubes for voltages appreciably in excess of 250,000, 
we seemed to be continually contending with and 
limited by the ‘“‘cold-cathode’”’ effect. 

More recently we have found that we can remove 
this limitation by subdividing the total potential 
difference applied to the tube between different pairs 
of tubular electrodes. The electrons coming from the 
cathode pass through the tubular intermediate elec- 
trodes without touching them, and are given successive 
accelerations as they pass between successive pairs 
of electrodes. This in effect divides the tube into 
sections, each of which may be good for as much 
as 300,000 volts. We have already successfully oper- 
ated such a cathode-ray tube, with three sections, on 
900,000 volts. 
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with its decomposition products. Another factor in 
our favor would be the easy control which we would 
have of the output, the radiation ceasing upon the 
opening of a switch. This would be quite different 
from our position with respect to radium, in which 
case the radiation takes place continuously whether 
it is desired or not, so that we must always be pro- 
tected from it. 

We expect to find that a high-voltage positive-ray 
tube can be constructed along the general lines of the 
multi-sectional cathode-ray tube. In this case we 
should need, according to Rutherford, about eight 
million volts to produce positive rays having the 
energy of the highest-velocity alpha rays from radium. 

The problem of vacuum-tube operation at very 
high voltages 1s two-fold, as it involves not only the 


Fig. 3. Another View of the Three-section Cathode-ray Tube Showing (at the Right and Left) the 
Two Halves of the Vertical Induction Coil That furnishes High-voltage Energy to the Tube 


This cascade or multi-sectional system promises 
to allow us to build vacuum discharge tubes for as 
high voltages as we can generate. This applies as 
well to an x-ray tube as to a cathode-ray tube, as 
the former may be derived from the latter by the 
addition of a suitable target. It also applies equally 
well to a high-voltage kenotron. 

This opens a vista of alluring scientific possibilities. 
It has tantalized us for years to think that we couldn’t 
produce in the laboratory just as high-speed electrons 
as the highest velocity beta rays of radium and just as 
penetrating radiations as the shortest wavelength 
gamma rays from radium. According to a statement 
of Sir Ernest Rutherford we need over two million 
volts, or a little more than twice the voltage which 
we have already employed, to produce x-rays as 
penetrating as the most penetrating gamma rays from 
radium; and with three million volts we could pro- 
duce as high-speed beta rays. The capacity or 
quantity factor would be tremendously in our 
favor, as with twelve milli-amperes of current we 
would have as many high-speed electrons coming 
from the tube as from a ton of radium in equilibrium 


design of the tube but also the design of a suitable 
high-voltage source. 

It seems quite possible that it will prove advan- 
tageous to proceed along the lines of our present 
oil-immersed x-ray outfit, in which the x-ray tube 
is placed in the same container and in the same oil 
with the high-voltage source. With such an outfit 
no part of the high-tension circuit is brought out into 
the air, and the corona problem is therefore greatly 
simplified. 

We now have transformers that will produce several 
million volts, even with the high-tension circuit 
brought out into the air, and it should be possible 
for us to go much higher still, and especially so if 
the whole high-tension circuit is under oil. 

What shall we do with the high-speed particles 
obtainable from tubes operating at a potential differ- 
ence of millions of volts? The lure lies in the fact 
that we can’t answer the question, beyond saying 
that we shall experiment with them. They should 
eventually help us to further knowledge of the atomic 
nucleus and to further knowledge of radiation 
laws. 
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Low-voltage A-c. Networks 


PART III: LAMP FLICKER 


By D. K. BLAKE 


Central Station Engineering Department, General Electric Company 


HEN supplying squirrel-cage induction 
WW roo: from a combined light and power 
network system it is necessary to make sure 
that the starting current does not cause a dip in 
voltage sufficient to produce a noticeable or objec- 
tionable change in illumination. The first thing to be 
determined is the permissible dip in voltage that will 
not cause objectionable lamp flicker. Results of tests @ 
“indicate that two per cent instantaneous variation 
in voltage cannot be detected and that three per cent 
is the maximum possible for the highest grade ser- 
vice. Changes of five per cent, however, will not be 
observed in most conditions found in practice.” The 
permissible voltage dip having been decided upon 
the maximum motor size depends on the size of trans- 
formers and secondary cables, transformer reactance, 
the starting tap used on the compensator, and the 
location of the motor relative to the transformers. 
In calculating the voltage dip it is important to use 
both the resistance and reactance of the cable; but 
the transformer resistance may be neglected. The 
starting currents and their power-factor should be 
averaged for all sizes to simplify the problem and 
permit the compilation of a simple set of tables for use 
in checking the connection of motors to the network. 
Standard general-purpose squirrel-cage motors have 
a starting current between six and seven times normal 
at full voltage. The current drawn from the network 
is proportional to the square of the voltage correspond- 


ing to the tap used on the compensator as given in 
Table I. 


TABLE I 


Motor Starting Currents Drawn from Network at 
Various Starting Voltages 


Network Current 
(Times Normal) 


Compensator Starting 
(Voltage Per Cent) 


100 6.50 
80 4.16 
65 2.75 
50 1.63 


Several tables have been prepared for the study of 
the effect of such variables as motor location, network 
arrangement, secondary cable sizes, transformer re- 
actance and spacing, and the use of starting taps upon 
voltage dip and motor size. The starting currents were 
assumed as given in Table I. A power-factor of 35 per 
cent was chosen although lower power-factors mav 


(Underground Alternating-Current Network,” by A. H. Kehoe, 
A.L.E.E. Journal, June, 1924. 


be occasionally encountered; but they will not affect 
the results appreciably. The 300-kv-a. transformer in 
combination with 350,0U0-cir. mil and 500,00U-cir. 
mil secondary cables was chosen because this seems to 
be representative of most networks using the three- 
phase, four-wire system. The transformer reactances 
of 5 per cent and 10 per cent cover the extremes of 
13,200-volt transformers although there are a large 


hn 


why 


Motor 


Fig. 17. Single-line Circuit Diagrams Showing Location of 
Transformers and Arrangement of Cable Sections 
Tied in at the Motor 


number of 2300-volt network transformers having an 
approximate reactance of 3.5 per cent. Tables II, III, 
and IV were first prepared to determine the dip in volt- 
age caused by a 50-hp. motor. For other sizes the 
voltage dip would be proportional to the horsepower 
rating. From these tables were prepared Tables V, 
VI, and VII to show the horsepower rating that will 
not cause a voltage dip exceeding 3 per cent. 

Large motors are usually accompanied by other 
loads of sufficient size to justify a transformer vault 
located in the building supplied so that it is well to 
consider the effect of the number of network sections 
connected to the building transformer. The arrange- 
ment of the various sections are shown in Fig. 17, where 
the cable sizes and transformer ratings are uniform. 
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TABLE II 
VOLTAGE DIP (LINE TO NEUTRAL) OF A 120/208-VOLT CIRCUIT 
Standard 50-hp. Motor Located at 300-kv-a. Transformer 
(Refer to Fig. 17) 


NETWORK 


SPACING OF TRANSFORMERS 


l Starti 500 ft 1000 ft. 
Cable S votar. Radial | 
(Cir. Mils) (Per Cent) NO. OF CABLE SECTIONS TIED IN AT MOTOR LOCATION 
1 2 3 4 | 1 2 3 4 
10 PER CENT REACTANCE TRANSFORMER 
350,000 100 9.95 7.08 5.46 4.48 3.80 7.97 6.65 5.71 5.01 
500,000 100 9.95 6.80 5.20 4.22 3.53 7.74 6.33 §.35 4.64 
350,000 80 6.35 4.52 3.50 2.87 2.43 5.10 4.26 3.66 3.21 
500,000 80 6.35 4.36 3.33 2.70 2.26 4.95 4.05 3.43 2.97 
350,000 65 4.2 2.98 2.32 1.90 1.60 3.37 2.82 2.42 2.12 
500,000 65 4.2 2.88 2.20 1.78 1.50 3.27 2.68 2.27 1.97 
350,000 50 2.48 1.76 1.37 1.12 0.95 1.99 1.67 1.43 1.25 
500,000 50 2.48 1.70 1.30 1.04 0.83 1.93 1.58 1.34 1.16 
5 PER CENT REACTANCE TRANSFORMER 
350,000 100 4.96 3.98 3.33 2.86 2.50 4.37 3.91 3.53 3.20 
500,000 100 4.96 3.84 3.14 2.67 2.31 4.27 3.75 3.33 3.01 
350,000 80 3.18 2.55 2.13 1.83 1.60 2.80 2.50 2.26 2.05 
500,000 80 3.18 2.48 2.01 1.71 1.48 2.73 2.40 2.13 1.93 
350,000 65 2.10 1.69 1.40 1.20 1.05 1.85 1.65 1.49 1.35 
900,000 65 2.10 1.63 1.34 1.13 0.98 1.80 1.58 1.40 1.28 
350,000 50 1.24 1.00 0.83 0.71 0.63 1.09 0.98 0.88 0.80 
500,000 50 1.24 0.97 0.79 0.67 0.58 1.07 0.94 0.83 0.75 
TABLE Illl 
VOLTAGE DIP (LINE TO NEUTRAL) OF A 120/208-VOLT Y CIRCUIT 
Standard 50-hp. Motor Located at Various Points Between Two 300-kv-a. Transformers 
(Refer to Fig. 18) ' 
SPACING OF TRANSFORMERS E 
500 ft. | 1000 ft. 
oe Fee DISTANCE FROM MOTOR TO NEAREST TRANSFORMER 7 
(Cir. Mils) (Per Cent) 
0 ft. 125 ft. 250 ft. | 0 ft. 125 ft. 250 ft. 375 ft. 500 ft. 
10 PER CENT REACTANCE TRANSFORMER 
350,000 100 7.08 8.60 9.11 7.97 10.30 12.05 13.00 13.20 
500,000 100 6.80 7.97 8.45 vot 9.54 10.85 11.65 11.70 
350,000 80 4.52 5.50 5.83 5.10 6.60 7.70 8.30 8.45 
500,000 80 4.36 0.10 3.40 4.95 6.10 6.95 7.45 7.50 
350,000 65 2.98 3.60 3.83 3.37 4.35 3.05 5.45 5.55 
500,000 65 2.88 3.34 3.99 3.27 3.99 4.57 4.80 4.93 
350.000 50 1.76 2.13 2.27 1.99 2.56 3.00 3.23 3.29 
500,000 50 1.70 1.96 2.10 1.93 2.36 2.71 2.85 2.92 
5 PER CENT REACTANCE TRANSFORMER 
350,000 100 3.98 5.96 6.68 4.37 7.70 9.30 10.40 10.65 
500,000 100 3.84 0.46 5.90 4.27 6.60 8.10 9.10 9.38 
350.000 80 2.55 3.82 4.28 2.80 4.60 5.95 6.65 6.83 
500,000 80 2.48 3.50 3.78 2.73 4.23 5.18 5.81 6.00 
350,000 65 | 1.69 2.55 2.83 1.85 3.03 3.94 4.38 4.50 
900,000 65 1.63 2.32 2.48 1.80 2.79 3.41 3.83 3.97 
350,000 50 1.00 1.47 1.67 1.09 1.80 2.33 2.60 2.68 
200,000 50 0.97 1.37 1.48 1.07 1.65 2.02 2.27 2.39 
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TABLE IV 
VOLTAGE DIP (LINE TO NEUTRAL) OF A 120/208-VOLT CIRCUIT 
Motor Designed for Full Voltage Starting 
MOTOR LOCATED AT 300KV-A. TRANSFORMER 


NET WORK 
- SPACING OF TRANSFORMERS 
aesa er 500 ft. | 1000 ft. 
(Cir. Mils) NO. OF CABLE SECTIONS TIED IN AT MOTOR LOCATION 
L 2 3 4 | 1 2 3 4 
10 PER CENT REACTANCE TRANSFORMERS 
350,000 6.88 4.90 3.80 3.11 2.63 5.53 4.61 3.97 3.48 
500,000 6.88 4.73 3.61 2.93 2.45 5.36 4.39 3.73 3.22 
5 PER CENT REACTANCE TRANSFORMERS 
350.000 3.44 2.75 2.30 1.98 1.73 3.03 2.70 2.44 2.22 
500,000 3.44 2.68 2.17 1.85 1.60 2.95 2.60 2.30 2.09 


MOTOR LOCATED AT VARIOUS POINTS BETWEEN TWO 300-KV-A. TRANSFORMERS 
SPACING OF TRANSFORMERS 
500 ft. | 1000 ft. 
DISTANCE FROM MOTOR TO NEAREST TRANSFORMER 
0 ft. 125 ft. 250 ft. | O ft. 125 ft. 250 ft. 375 ft. 500 ft. 


10 PER CENT REACTANCE TRANSFORMERS 


350,000 4.95 5.95 6.30 5.53 7.15 8.35 9.00 9.15 

500,000 4.73 5.52 5.84 5.86 6.62 7.53 8.08 8.14 
5 PER CENT REACTANCE TRANSFORMERS 

350,000 2.75 .14 4.63 3.03 4.98 6.45 7.20 7.40 

500,000 2.68 3.79 4.10 2.95 4.57 5.61 6.30 6.50 
TABLE V 


MOTOR SIZE (HORSEPOWER) WHICH WILL NOT CAUSE AN EXCESS OF 3 PER CENT VOLTAGE DIP 
WHEN STARTING FROM A 120/208-VOLT CIRCUIT 
MOTOR LOCATED AT 300 KVA. TRANSFORMER 
(Refer to Fig. 17) 


NETWORK 


SPACING OF TRANSFORMERS 


7 Starting 500 ft. | 1000 ft. 
Cable Size V : 
(Cir. Mils) Pee SASA NO. OF CABLE SECTIONS TIED IN AT MOTOR LOCATION 
1 2 3 4 | 1 2 3 4 
10 PER CENT REACTANCE TRANSFORMER 
350,000 100 15 25 30 40 40 20 25 30 35 
500,000 100 15 25 30 40 50 20 25 30 35 
350,000 80 25 35 50 60 60 35 40 40 50 
500,000 80 25 40 50 60 75 35 40 50 60 
350,000 65 40 60 75 75 100 50 60 60 75 
500,000 65 40 60 7d 100 100 50 60 75 75 
350,000 50 60 100 125 150 150 75 100 125 125 
500,000 50 60 100 125 150 200 TS 100 125 150 
5 PER CENT REACTANCE TRANSFORMER 

350,000 100 35 40 50 60 60 40 40 50 50 
500,000 100 35 40 50 60 75 40 40 50 50 
350,000 80 50 60 75 75 100 60 60 75 75 
500,000 80 50 60 75 100 100 60 75 75 75 
350,000 65 75 100 125 150 150 75 100 100 125 
500,000 65 75 100 125 150 150 100 100 125 125 
350,000 50 125 150 200 250 250 150 150 200 200 
500,000 50 125 150 200 250 300 150 150 200 200 
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TABLE VI 


MOTOR SIZE (HORSEPOWER) FOR WHICH VOLTAGE DIP WILL NOT EXCEED 3 PER CENT 
WHEN STARTING FROM A 120/208-VOLT CIRCUIT 
MOTOR LOCATED AT VARIOUS POINTS BETWEEN TWO 300-KV-A. TRANSFORMERS 


SPACING OF TRANSFORMERS 


500 ft. | 1000 ft. 
. Starting 
Cable S 
(Car. Mils) poe: DISTANCE FROM MOTOR TO NEAREST TRANSFORMER 
0 ft. 125 ft. 250 ft. | O ft 125 ft. 250 ft. 375 ft. 500 ft 
10 PER CENT REACTANCE TRANSFORMER 
350,000 100 25 20 15 20 15 10 10 10 
500,000 100 25 20 20 20 15 15 15 15 
350,000 80 35 30 30 35 25 20 20 20 
500,000 80 40 35 30 35 25 25 20 20 
350,000 © 65 60 50 40 50 40 35 30 30 
500,000 65 60 50 50 50 40 35 35 35 
350,000 50 100 75 75 79 60 60 50 50 
500,000 50 100 75 75 75 75 60 60 60 
5 PER CENT REACTANCE TRANSFORMER 
350,000 100 40 30 25 40 20 15 15 15 
500,000 100 40 30 30 40 25 20 15 15 
350,000 80 60 40 40 60 35 30 25 25 
500,000 80 60 50 40 60 40 30 30 30 
350,000 65 100 60 60 75 50 40 40 40 
500,000 65 100 75 60 100 60 50 40 40 
350,000 50 150 100 100 150 100 75 60 60 
500,000 50 150 125 100 . 150 100 79 75 75 


TABLE VII 
MOTOR SIZE (HORSEPOWER) WHICH WILL NOT CAUSE AN EXCESS OF 3 PER CENT VOLTAGE DIP 
WHEN STARTING FROM A 120/208-VOLT CIRCUIT 
Motor Designed for Full-voltage Starting 
MOTOR LOCATED AT 300-KV-A. TRANSFORMER 


NETWORK 
SPACING OF TRANSFORMERS 
500 ft. | 1000 ft. 
On Radial 
(Cir. Mils) NO. OF CABLE SECTIONS TIED IN AT MOTOR LOCATION 
1 2 3 4 | 1 2 3 4 

10 PER CENT REACTANCE TRANSFORMER 
350,000 25 35 40 50 60 30 35 40 50 
500,000 25 35 50 60 60 30 35 40 50 

5 PER CENT REACTANCE TRANSFORMER 
350,000 50 60 75 75 100 50 60 60 75 
500,000 50 60 7d 75 100 60 60 TS 75 


MOTOR LOCATED AT VARIOUS POINTS BETWEEN TWO 300-KV-A. TRANSFORMERS 
SPACING OF TRANSFORMERS 
500 ft. | 1060 ft. 
DISTANCE FROM MOTOR TO NEAREST TRANSFORMER 


O ft. 125 ft. 250 ft. | 0ft. 125 ft. 250 ft. 375 ft. 500 ft. 


10 PER CENT REACTANCE TRANSFORMER 


350,000 35 30 25 30 25 20 20 15 

500,000 35 30 25 30 25 20 20 20 
5 PER CENT REACTANCE TRANSFORMER 

350,000 60 40 35 50 35 25 25 20 

500,000 60 40 40 60 35 30 25 25 
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With the motor located between transformers, 
a single section with a transformer at each end was 
considered and the effect of the rest of the network 
was neglected because of the added complication. It 
should be remembered, however, that the network does 
improve the result, although not so much as when the 
motor is connected to the transformer; for as the dis- 
tance between the motor and transformer increases, 
the secondary cable impedance predominates. 

It is advisable to consider also the possibilities of 
full-voltage starting as provided by the large trans- 
formers and cables interconnected into a network. 
Not all standard general-purpose motors are suitable 
for full-voltage starting but a great many of them are, 
particularly those rated 30 hp. and below. Above 30 
hp. it depends a great deal on the rated speed of the 
motor. In some cases it is possible to thus use motors 
of 75 hp., and even up to 200 hp., at low-speed ratings. 


de k 


—— Spacing —~ 


Motor 


Fig. 18. ASingle-line Circuit Diagram Showing Motor 
Location with Respect to Transformer Spacing 


An available standard line of general-purpose motors, 
designed particularly for full-voltage starting, draws 
a starting current of about four to five times normal 
when started in this manner. These motors are con- 
sidered in Tables IV and VII. Thus it is possible in a 
great many cases to simplify motor installations by the 
omission of the usual starting compensator. 

There seems to be virtually no limit to the size of 
squirrel-cage motor that can be connected to a net- 
work system of the type under consideration. Table V 
shows that it is possible to connect motors of 150 to 
300 hp. rating. In such cases there will also be other 
loads equal to or greater than the motor load so that 
the transformers will be larger, thereby reducing the 
voltage dip when starting. 

From Table VI it is seen that it is possible to 
connect 50 to 100-hp. motors midway between trans- 
formers; but in such cases there will also be other 
motors and the lighting load in addition, making the 
total load sufficient tolocate a transformer vault on the 
premises or very close byin the street. It thus seems 
that it would be a rare occurrence to connect such 
large motors so far from the transformer. Smaller 
motors, such as 20 to 35 hp., are easily supplied from 
midway points even with high-reactance transformers, 
1000 ft. spacing, and the 80 per cent starting tap. 

Full-voltage starting is possible with all motors up 
to 10 hp., and up to 20 hp. when the special design is 
used. Where standard reactance transformers are used, 
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full-voltage starting may be applied to all motors up 
to 30 hp., and up to 40 hp. with the special design. 
Where the motors are located at the transformer, full- 
voltage starting is always possible in sizes up to 20 
hp. or up to 30 hp. with the special design. Under the 
most favorable conditions the standard 75-hp. motor 
and the special design 100 hp. motor may be started 
at full voltage. 

Some cases may be encountered where flicker is not 
caused by the initial step of starting current but by 
the inrush current at the subsequent throwover of the 
compensator switch. This may be due to the use of 
a compensator starting tap too small for the type of 
load on the motor, such as a pump load. Fig. 19, 
which is a typical speed-current curve at full voltage, 


0 10 ¿0 30 40 50 60 7 GO 90 10 
Per cent Synchronous Speed 


Fig. 19. The Full-voltage Speed-current Characteristic of a 50-hp. 
Squirrel-cage Motor Running at an Average Speed of 1200 r.p.m. 


will be employed in the following example: Suppose 
the motor will start on the 50 per cent tap, which 
gives an inrush current of 167 per cent normal. The 
motor torque on this tap, however, will bring the 
motor to only 80 per cent speed. The compensator 
is then thrown over to line voltage. The curve in Fig. 
19 indicates that the inrush current at this speed will 
be nearly 400 per cent, which may be just enough to 
cause flicker. Now if the tap is changed to the 65 per 
cent point to give additional torque to bring it to 
nearly full-load speed, say 95 per cent, the starting 
current will be about 285 per cent which may be 
sufficiently lower than the value causing objectionable 
flicker. The great majority of motor applications will 
attain full-load speed before throwover, so that the 
current will be well below the starting current. , 

It therefore seems, from the foregoing considera- 
tions, that such network systems can very well take 
care of virtually all squirrel-cage motor applications 
utilizing standard starting compensators. There are, 
however, some network systems that use smaller trans- 
formers and smaller cables, making ordinary compen- 
sator starting unsuitable in many cases. In these cases 
resistance starters are utilized, by means of which the 
current 1s gradually increased until the motor starts. 


(To be continued) 
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Load Ratio Control 


PART II 
FIELDS OF APPLICATION 


By L. F. BLUME 


Assistant Engineer, General Transformer Engineering Department 
Pittsfield Works, General Electric Company 


HE subject of load ratio control can hardly be 
considered complete without examining some- 
what in detail the various fields of application 
for these equipments in order to give at least a gen- 
eral idea of what is being accomplished by their use. 
Certain industrial applications, such as to electric 
furnaces, where, on account of the very great volt- 
age range desired, ratio control is found to be eco- 
nomical in spite of the fact that the kv-a. to be handled 
in individual units is not relatively large, are not 
being considered in this article. This omission is 
deliberate, however, since it seems that interest is 
being particularly centered at present in application 
to the control of interconnected central stations. In 
approaching this subject it is realized that practical 
experience is required to best determine positively 
what these load ratio control equipments are good for 
on given systems, and what are their limitations. 
At most, it is here possible to approach the subject 
only from a theoretical angle, and to leave the prac- 
tical considerations to others who have given the 
matter considerable thought and whose experience 
may enable them to point out the cases, if any, 
wherein actual results are found inconsistent with 
the present treatment. 

The more it is tried to determine just what these 
equipments are doing to help interconnected systems 
to operate economically, the more it may be wondered 
how interconnected systems have been able to get 
along so well without them. Previously, the induc- 
tion regulator, which is the only piece of apparatus 
performing about the same function, was being used 
in large units in this field only to a very limited ex- 
tent, and therefore it seems a reasonable question to 
ask how these systems operated without ratio control 
equipments rather than how they operate with them. 

The interconnecting of central stations is made 
for the general purpose of increasing the reliability 
of service, and also to improve the load-factor of the 
system. Both of these objects mean that it should be 
possible for a given load at one point to be supplied 
from a number of distant stations in the intercon- 
nected system. Theoretical analysis of the conditions 
involved, however, shows that serious limitations 
are imposed on the operation of these interconnec- 
tions by the necessity of keeping the voltages at vari- 
ous points of the network constant, or approximately 
constant, for all conditions of load demand. This 


limitation, in many cases, may very seriously restrict 
the amount of kv-a. which can be delivered from a 
distance to a given point, and, in addition, prevent 
obtaining as economical a division of energy and 
current between the various stations. 

The simplest qualitative statement of the prob- 
lem is to say that the presence of impedance of the 
interconnecting line between stations means that it 
is impossible to adjust the power-factor of the current 
in the line for its most economical value without 
obtaining serious voltage regulation in the line. For 
example, let us consider two central stations A and 
B, Fig. 15, each furnishing a load from its local low- 
voltage bus, and connected together by means of a 


Station A Station B 


Load 


Fig. 15. Single-line Diagram of Two Central Stations Interconnected 
by a High-voltage Line and Transformers 


high-voltage line and two transformers. The inter- 
connecting line between the two stations can be 
operated in either of the following ways: 

(1) The phase-angle of the current in the line may 
be adjusted for the most desirable power- 
factor for line current at all loads, holding the 
voltage constant at one point only, and allow- 
ing voltages at all other points to vary. 

(2) The power-factor of the current in the line may 
be disregarded, except perhaps for one par- 
ticular load, and bus voltages maintained con- 
stant by means of the generator fields. 

(3) The phase-angle of the current in the line may 
be adjusted for the most economical power- 
factor at all loads, and the resulting regulation 
of line and transformer neutralized by means 
of ratio control. 

The purpose of the transmission line is to permit 
load from station A to be delivered to bus B, and vice 
versa; and the ideal condition is that the combined 
kv-a. of the two stations A and B may be delivered to 
either bus without affecting the voltage of either. 
Although the transmission line impedance prevents 
this, it 1s possible to assume that voltage is main- 
tained constant at all loads on both buses by generator 
field current control only and, with this assumption 
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in mind, to find the operating limitations introduced 
by transmission line impedance. 

It is convenient for the purpose of the problem to 
consider that the impedance drop (IZ) through the 
transmission line between buses A and B is mathe- 
matically resolved into two components, as shown in 
Fig. 16, one (IX) an impedance drop at right angles 
to the transmission line current, the other (JR) an 
impedance drop in phase with the transmission line 
current. Each of these drops can be analyzed sep- 
arately and independently of the other. The essential 
difference between these two components is that the 
impedance drop perpendicular to line current may 
vary through a wide range without affecting the 
premises of the problem, t.e., constant potential in 
both buses, whereas the in-phase impedance drop 
cannot vary at all without introducing variable volt- 
age on one of the buses. Any value whatsoever may 
be assigned to the in-phase drop, but it cannot vary. 
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determined by the voltage diagram in Fig. 16. The 
total load current on bus A is OA; BA is the current 
in the generator near the load, and therefore OC, the 
arithmetical difference between OA and AB, is the 
contribution of the far generator and the transmis- 
sion line to the load, although actually it is loaded 
an amount equal to OB. For example, assuming that 
two central stations each have a rating of 50,000 
kv-a., and assuming a load of 85 per cent power- 
factor and about 33 per cent impedance drop in the 
line, it would be possible to deliver a maximum load 
of about 60,000 kv-a. on either bus; but the transmis- 
sion line and far generator are only 20 per cent effec- 
tive as far as the delivery of kv-a. is concerned. The 
generator currents in the diagram are made equal 
to each other, although in the general case, this is 
not necessary. The currents can be varied 1n any way 
whatever, provided that the angle 0 is maintained, 
as determined by the voltage diagram. 


Fig. 16. Vector Diagram Showing the Voltage Relations and the 
Impedance of the Transmission Line Between Stations 
A and B, Fig. 15 


Taking first the perpendicular impedance drop, it 
is to be found what kind of current can flow in the 
system and result only in perpendicular drops in the 
line. The conditions which govern this current flow 
are shown in the voltage diagram (Fig. 16), in which 
OA is the receiver bus voltage, OB the sending bus 
voltage, and AB the impedance drop in the line. The 
triangle, OAB is isosceles with impedance drop AB 
as the base of the triangle. The diagram to scale rep- 
resents about 38 per cent impedance drop. A smaller 
value of impedance would make the drop AB rela- 
tively smaller, but the general conclusions derived 
from this triangle would not be affected. The impor- 
tant point to note from this voltage diagram is the 
resistance component (IR) of the impedance drop 
which determines the phase angle of the current in 
the transmission line with respect to the receiver bus 
voltage OA. This current obviously leads the bus 
voltage by an appreciable angle 0. This angle (6) 
will be somewhat smaller for lighter loads and also 
smaller as the ratio of reactance to resistance of the 
transmission line becomes less. It is, however, always 
leading the receiver voltage. 

The corresponding current relations are shown in 
Fig. 17 in which the horizontal line is the receiver bus 
voltage and OB is the current in the transmission 
line, leading the receiver voltage by the angle @, as 


Fig. 17. Diagram of the Current Relations in the 
Case Illustrated in Fig. 15 


It is not to be inferred that this is actually a prac- 
tical operating condition. However, this situation 
would be encountered, if it were attempted to operate 
the system under the following combination of con- 
ditions: 

(a) Constant voltage on the two buses at all loads: 

(b) Voltage control by generator field alone, and 

(c) Power to flow equally in either direction. 

Conditions can be improved without changing the 
premises (a) and (b) of the problem by allowing to 
flow, in addition to the currents shown, a constant 
current that produces an impedance drop in phase 
with the line voltage. As long as this current remains 
invariable, it produces only a line drop and no varia- 
tion in bus voltages. Since this current is constant, it 
must be a circulating current between the two gen- 
erators, and therefore wattless. By suitably choosing 
the value of this current, the full-load conditions of 
current division may be considerably improved by 
bringing currents OB and AB more nearly into phase 
with each other; and thus the effectiveness of the 
distant generator is increased. The diagrams in 
Figs. 18 and 19 illustrate this condition. Here the 
current triangle OAB is the same as before: but 
upon it has been imposed the constant wattless 
current BX which, by circulating between the 
two generators, gives a resultant current triangle 
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OXA. The point X may be chosen anywhere on the 
vertical through B but within the triangle; although 
once chosen it is a fixed point as far as operation is 
concerned. It should be remembered that the only 
currents actually flowing in the system are given by 
the triangle OXA. What we actually have done is 
to resolve the real current in triangle OXA which flows 
at full load into two mathematical components, one 
component consisting of the current, in triangle OBA, 
which varies with the load and produces in the trans- 
mission line perpendicular impedance drops only; and 
the other component, a wattless current (BX), which 
iS unvarying and which produces a constant voltage 
drop in the line. Now as the variable currents form- 
ing triangle OBA decrease, the current BX becomes 
increasingly prominent, and at no load, at which 
time OBA disappears, BX is the only current left. 
So BX is the no-load current in the transmission line. 


Fig. 18. Current Diagram Illustrating Conditions 
for Constant Line Drop 


Note that, in order to simplify the problem, such 
residual currents as transformer magnetizing cur- 
rents, or capacitance currents have been neglected. 
The current BX multiplied by the line reactance 
gives the line drop, which is constant for all loads 
between the two buses A and B. 

Although it is evident that the full-load operating 
conditions are very much improved by the addition 
of current BX, nevertheless, in adding this current, 
several things are sacrificed: First, the arrangement 
improves the situation for power flowing in one direc- 
tion only, and in fact makes conditions impossible 
for reverse-power flow. Second, at light loads, this 
wattless circulating current becomes prominent, and 
adds greatly to the light-load losses in both generator 
and transmission line, and therefore, excepting in the 
cases where the load-factor is very high, these extra 
light-load losses cannot be neglected. Third, the line 
drop which is determined by the line BX reduces the 
kv-a. delivered over the line to the load, and thereby 
partially neutralizes the good effects produced by 
bringing the two generator currents closer together 
in phase. 

There seems to be no other way than the one just 
described in which the system can be operated with 
constant potential at both buses when the voltage 
is controlled by generator field currents alone. The 
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best that can be done is to choose the line BX (Figs. 
18 and 19) for the most desirable operating conditions, 
having a given load-factor in mind; and it is evident 
that BX, selected for an average daily load condition, 
means inefficient or undesirable operating conditions 
at both maximum load and at light-load periods. 
It also means giving up reverse-power flow. 

This inflexibility is overcome by allowing the current 
BX unrestricted variation, so as to obtain the most 
effective current division at any time or condition of 
load, and for any normal or abnormal generating con- 
dition, and to overcome the resulting variable line 
drop by varying the transformer ratio by means of 
ratio control equipments. The line BX now becomes 
a measure of the voltage control necessary, for by 
multiplying the current BX by the line reactance 
there is obtained the variable voltage to be neu- 
tralized. 


A 
Fig. 19. Current Diagram Illustrating the Conditions 
Imposed by a Synchronous Condenser 


The foregoing treatment may seem a very elaborate 
method of saying that by means of transformer ratio 
control, currents can be allowed to vary in any man- 
ner whatever, and at the same time, voltages on the 
buses kept constant; but the rather elaborate ex- 
planation gives a more comprehensive idea of their 
value. 

Referring once more to the current diagram shown 
in Fig. 18, it will be seen that the throttle setting 
or the energy delivered by the prime movers to the 
generators determines the location of point B and the 
vertical line BX, in the horizontal direction. Thus 
opening the throttle at the generator near the load, 
moves point B to the left and conversely, closing the 
throttle shifts B to the right. At the extreme position, 
t.e., when the generator near the load is not furnishing 
any energy, point B is at the extreme right, as shown 
in the diagram in Fig, 19, which represents the case 
of a synchronous condenser floating on the end of 
the line near the load. 

The function of a synchronous condenser, by adding 
current AX to the line, is to improve the power- 
factor of the circuit; and at the same time this im- 
proves the line regulation. The rating of the condenser 
is given by AX, and the no-load lagging current 
furnished by the condenser, which the line must 
carry to maintain constant voltage, is given by BX. 
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The point X can be chosen so as to obtain the best 
average condition of operation, but, just as in the 
case of the two generators, X being chosen, it becomes 
fixed. Therefore, the same inflexibility of operation 
exists using the synchronous condenser to hold volt- 


age constant as with two generating stations con- 


nected together, in that the point X cannot be ad- 
justed for the best condition for every load without 
introducing regulation; and also the light-load losses 
are increased. It is clear from this diagram that the 
function of a synchronous condenser and ratio con- 
trol are quite distinct. The primary function of the 
condenser is to improve the power-factor on the line 
at the heavier loads and by so doing, increase the 
kv-a. output that can be delivered, or decrease the 
energy losses in the line. Transformer ratio control, 
on the other hand, can only neutralize the regulation 
drop in the line. The combination of the two gives 
the maximum amount of flexibility, since it permits 
‘the condenser to adjust the line power-factor for best 
conditions for all loads, whereas, when the condenser 
alone is used, it is possible to adjust the line power- 
factor for only the average load. 

The relative value of the condenser and ratio con- 
trol equipments depends largely upon the following 
conditions: first, whether the transmission line copper 
losses are relatively high, which is the case for rela- 
tively long lines; second, whether the power-factor of 
the load is relatively low; and third, whether the 
load-factor is relatively high. In such cases the syn- 
chronous condenser is of greater value than ratio con- 
trol; but, conversely, ratio control equipments are 
found to be of greater value, first, when the line losses 
are inherently low, such as in shorter lines; secondly, 
when the power-factor of the load is relatively high, 
and thirdly, when the load-factor is relatively low. 
At the one extreme, it becomes preferable to use the 
synchronous condenser exclusively, and, at the other, 
ratio control exclusively. For intermediate cases, it 
would appear that a combination of the two is de- 
sirable. 

From all of the considerations as herein set forth, 
the following general conclusions may be drawn: 

(1) That the proper function of synchronous 

apparatus on the interconnected systems is to 
control the division of current and their phase 
angles. This cannot be properly done if they 
are called upon to maintain voltages constant. 
(2) That ratio control apparatus is ideally suited 
for maintaining constant voltage; and by re- 
lieving the synchronous apparatus of this duty, 
the flexibility, efficiency and overall apparatus 
economy of systems is very greatly increased. 
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It is desirable to consider briefly the conditions 
involved when the transmission line forms a loop. 
In an open-ended line, it is evident that if the current 
in the various sections of the line are to be independ- 
ently variable, a resultant voltage, which is the sum- 
mation of the impedance drops in the lines, will exist 
between the two ends of an open loop. This voltage 
varies not only in amount, but also may vary widely 
in phase. It is short-circuited if the loop is closed, 
resulting in a circulating current through the loop, 
the value of which is equal to the voltage short- 
circuited, divided by the impedance of the entire 
loop. This circulating current changes the values of 
the currents in every section of the loop. In order to 
be able to maintain the same current flexibility as 
exists in the open-ended line, it is necessary to insert 
in the loop a voltage which is equal to and opposite 
in phase to the summation of the impedance 
drops around the loop. This can only be accom- 
plished by means of two voltage-control equipments, 
one providing the proper variable in-phase and 
the other providing the proper variable quadra- 
ture voltage. It must also be possible to vary the 
in-phase and quadrature voltages independently of 
each other. 

In general, therefore, a transmission line loop in 
which current flexibility is desired, together with N 
points maintained at constant potential requires N 
in-phase voltage ratio controls and one quadrature 
voltage control. 

Whether this complete current flexibility 1s neces- 
sary or desirable is another question, depending upon 
several conditions. The desirability of loop control 
is determined by the question of whether the circu- 
lating current flowing around the loop when loop 
control is not used is objectionable. For example, 
this circulating current may result in a severe overload 
in a portion of the loop, which, especially when under- 
ground cables are employed, is prohibitive on account 
of the resulting overheating. In addition, the circu- 
lating current may introduce excessive energy losses. 
If operation with minimum line losses within the 
loop is the only requisite, several other facts are of 
interest. The division of current in a loop, automati- 
cally, is such as to result in minimum line copper 
losses for any distribution of load when the impedance 
characteristics of the loop are such that in every 
portion, the ratio of resistance to reactance is the 
same. Therefore, in loops where the resistance and 
reactance of each section has been adjusted so as to 
maintain constant ratio, quadrature voltage control 
is not needed to obtain minimum copper losses within 
the loop. 


Concluded 
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New Features in the Construction of 
Outdoor Switch Houses 


By J. H. POWERS 


Switchgear Engineering Department, Philadelphia Works 
General Electric Company 


HE increasing demand for electric service in 

outlying districts has brought up many problems 

in connection with reliable and economical 
methods of distribution. The use of weatherproof 
housings for feeder equipment has been one solution 
and a common practice for some time, each year 
bringing about improvements which have proved a 
benefit to both the operating company and the con- 
sumer. Recent developments have been made par- 
ticularly in the direction of neater appearance, 
strength, accessibility, exclusion of dust and moisture, 


Fig. 1. A New Type of Outdoor Switch House of Great Mechancial 
Strength and Weatherproof Construction 


ventilation, and lower costs. In the past year or two 
the improvements applied to this type of equipment 
have resulted in a very noticeable increase in demand. 


Mechanical Details 

Some of the newer features incorporated in the 
latest designs of switch houses may be of interest. 
In place of the older type of construction, utilizing 
thin sheet iron attached to an angle iron framework, 
the new houses are made of heavy flanged plates 
welded together. An example of this new type appears 
in Fig. 1. The doors are made of the same heavy 
material with a cup-shaped flange; and are so mounted 
as to be flush with the house surface when closed, as 
shown in Fig. 2. Being in two sections, the doors 


occupy the minimum amount of ground space when 
open and give full view to the entire equipment. 


_A rolled felt seat for both the front and rear doors 


insures protection for the equipment against dust and 
moisture. These doors are fitted with a lever which 
fastens them in the closed position at one operation 
and also permits a padlock being attached. 

A heavy, flanged, upright member, drilled to 
mount any of the usual combinations of breakers and 
operating mechanisms, forms the bedplate of the 
house, at the same time preventing vibration and 


Fig. 2. The Exterior of an Outdoor Switch House of the 


Improved Type, Showing the Neat Arrange- 
ment of Its Component Parts 


adding materially to the rigidity of construction. This 
universal feature allows the houses to be manufac- 
tured on a quantity basis and stocked for various 
combinations of manual and automatic equipment. 
Double angles welded to the sides of the house form a 
rigid support for the current transformers. All cross- 
member obstructions in the front door opening are 
now eliminated, thus providing free access to the 
operating mechanism and potential transformers and 
exposing the instrument and relay equipment on the 
panel to full view. Lifting lugs are attached near the 
top of the housing exterior to facilitate handling. 
Complete ventilation is furnished by a screened hole 
in the floor and a Pullman car type ventilator mounted 
on the roof of the house. The oil circuit breakers are 
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directly connected to their operating mechanisms to 
insure dependable operation. This simplifies the me- 
chanical details of the equipment as a whole and fa- 
cilitates repair and inspection of the apparatus. 

All seams joining the flanged members of the 
house are ground smooth and, as there are no rivet or 
bolt heads exposed on the exterior, corrosion is 
reduced to a minimum and 
painting is made easier. 


Types and Sizes 

These switch houses are 
now built in four standard 
types, their voltage rating 
and overall dimensions 
being given in Table I. 
The first three types are 
designed for mounting on 
a concrete base or other 
support at ground level; 
and the fourth type, which 
contains a small oil cir- 
cuit breaker, is adapted to 
mounting on a steel struc- 
ture. 

The use of quantity pro- 
duction methods results 
directly in lower costs and 
prompt shipments. Nearly 
any combination of manual or automatic equipment 
can be mounted in these houses without change of the 
interior steel work. This feature is also advantageous 
when it is necessary to make changes in the field 
occasioned by an increase in the feeder capacity. 
Where conditions demand multiple circuits, two or 
more houses may be joined together as in Fig. 3. 


TABLE I 
a Voltage Width Depth Height 
2300—6600 42 in. 54 in. 90 in. 
13200 54 in. 54 in. 90 in. 
2300—13200 54 in. 60 in. 102 in. 
2300 36 in. 28 in. 36 in. 


In addition to the standard houses now manu- 
factured, two types of three-circuit houses have been 
developed for the Central Illinois Public Service Co. 
The smaller is for 2300-voit manual equipment, 
including oil circuit breakers. The larger is for 
11460 /6600-volt manual or automatic equipment, 
including suitable oil circuit breakers. In Fig. 4 
is shown an illustration of the method of housing the 
latter. 

To further facilitate installation, all switch houses 
are made self-contained, with the equipment com- 
pletely assembled, wired, tested, and ready to operate. 
The advantages of this feature are obvious, particu- 
larly in view of the rapidly-expanding business of the 
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public utility companies which are often called upon 
to make power connections on short notice. The self- 
contained design also allows the houses to be readily 
shifted from one location to another when conditions 
require it. 

No small part of the yearly increasing demand for 
automatic a-c. reclosing feeders is made up of these 


Fig. 3. A Multiple Arrangement of Switch House Units which Readily 


Provides for Increased Capacity 


equipments mounted in outdoor switch houses for 
installing in isolated districts. With this type of 
equipment, thus well protected from the elements, 
only occasional visits of inspection are required in 
maintaining good service at the remote points of a 
large system. 


An Installation of Three Automatic A-c. Reclosing 
Feeders in an Outdoor Switch House 


Fig. 4. 
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The Application of Oxygen and Hydrogen to 
Industrial Operations 


PART III 


METHODS OF OXYGEN MANUFACTURE AND IMPORTANCE OF THE 
BY-PRODUCT GASES 


By F. P. WILSON, Jr. 
Manager's Staff, Schenectady Works, General Electric Company 


HE exceptional growth in the application of 
fusion welding and oxygen cutting of metals has 


resulted in an enormous annual consumption 
of the gases used in these processes throughout the 
country. One of the principal factors which has con- 
tributed to the building up of the vast system of com- 
mercial production and distribution as it exists today 
has been the use of oxygen and acetylene in cutting 
and gas welding. 

Acetylene and the electric arc have until recently 
been supreme in their respective fields of application 
in welding and cutting. Now, however, the economic 
supremacy of the former has been seriously challenged 
in welding as well as in cutting to an extent which 
may result in an economic adjustment in the present 
svstem of gas manufacture and distribution. 

The atomic-hydrogen flame has demonstrated 
characteristics which indicate its great value in many 
welding applications, and in many instances molec- 
ular hydrogen or city gas can replace acetylene as 
the fuel gas in cutting. Oxygen, the active agent in 
metal-cutting operations, will undoubtedly be used 
for years to come in this application and in constantly 
increasing quantities. 

Because of the annual value of the gases used in 
many industries today, and the impending economic 
changes just over the horizon, the need is emphasized 
for a general knowledge of the relation existing be- 
tween the process of manufacture and the use of these 
various gases. 

Large consumers of gases for welding and cutting 
may be potential gas producers and, should eco- 
nomics justify the installation of equipment, con- 
sumers should be in a position to judge the relative 
merits of the apparatus available and determine 
which process would best suit the requirements with 
respect to the following factors: The kinds of welding 
and cutting gases now used and possible substitutes. 
The effect of such substitutes on the selection of a 
process for manufacturing these gases. The economic 
need of consumer manufacture. The need of endeavor- 
ing to establish an economic balance between the 
gases used and the process selected for their manu- 
facture. The possibilities of applying these gases in 
industrial operations in which their use is now lim- 
ited or non-existent. 


Oxygen can be economically produced from the 
air by means of air liquefaction and subsequent frac- 
tionation, a physical process; or by the electrolysis 
of water, an electrochemical process. In the former 
case nitrogen is a by-product in the ratio of four 
volumes to one volume of oxygen. In the latter case 
hydrogen is a by-product in the ratio of two volumes 
to one of oxygen. The purity in both cases is 99 per 
cent or better, but the electrolytic process gives 
higher purity for both gases when produced simul- 
taneously. The importance of such purity differential 
is not great for general industrial operations. An- 
other commercial method of producing hydrogen in 
large quantities is by the liquefaction and fractiona- 
tion of water gas. This process, although used in 
Europe, is not in general use in this country and 
will not be discussed at this time. 

The operation of the air liquefaction process is 
based on the difference in boiling points of the main 
constituents: Nitrogen — 195 deg. C., Argon — 186 deg. 
C., Oxygen— 183 deg. C. The air is a mechanical mix- 
ture composed of nitrogen, oxygen, argon, neon, 
xenon, krypton and other rare gases. Nitrogen is 
present in the greatest volume and amounts to 
approximately 79 per cent, oxygen about 20 per cent, 
and argon about 1 per cent. The last-named gas boils 
at only 3 deg. lower than oxygen, and therefore in 
the oxygen produced by this process the impurity 
tends to be argon rather than nitrogen. 


Liquefaction Process 

There are two fundamental processes for the sepa- 
ration of air into its constituents by liquefaction and 
fractionation. One was developed by Linde and the 
other by Claude. In the former, the refrigeration and 
liquefaction of the air is produced by the internal 
energy of free expansion when the air is released 
through a needle valve with an accompanying pres- 
sure drop of approximately 3000 lb. The second 
method utilizes the external energy of air compressed 
to about 700 lb. per sq. in. against a piston in an 
expansion engine, thus cooling the air by the dissi- 
pation of heat in the form of mechanical energy. 
While the latter permits slightly greater power efħ- 
ciency in plant operation, the former is in more general 
use and is the process which will be discussed here. 
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The production of liquid air by free expansion 
through a nozzle is due to the Joule-Thomson 
effect, and the cooling can be expressed by the fol- 
lowing formula: 


d=0.276 (pı— pə) B 


where d= cooling effect, T =absolute temperature of 
expansion, and p, and pz are the pressures in atmos- 
pheres before and after expansion. 
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Fig. 17. 


Relative oxygen content in the remaining liquid. 
Relative oxygen content in the evaporated gases. 


The cooling caused by adiabatic expansion* in a 
cylinder against a piston is given theoretically by the 
formula: 


where 7o=absolute temperature of compressed air, 
T,=absolute temperature of expanded air, P, = pres- 
sure in atmospheres of compressed air, and P= pres- 
sure in atmospheres of expanded air. To— Tı = cooling 
in degrees centigrade. 

If these two formulas are applied, it will be seen 
that -with the Joule-Thomson effect a drop from 40 
atmospheres to one gives a cooling of 10 deg. C., 
whereas in the adiabatic expansion such a drop gives 
a cooling of 175 deg. C. However, when a regenerative 
cooling system is used, the efficiency of the Joule- 
Thomson effect is greatly increased in the liquefac- 
tion columns. 

Liquefaction of air, or the conversion from a gaseous 
to a liquid state, has long been the first step in obtain- 
ing oxygen from the air. It is accomplished by a re- 
duction of temperature but the extent of the reduc- 
tion required is great. It is lessened by increasing the 
pressure upon the air to be liquefied. This liquefac- 
tion step is followed by one of partial revaporization, 
called fractionation, in which the gases given off 
from the liquid are rich in nitrogen, because of its 


* If the temperature of air-be allowed to fall unchecked during expan- 
sion, without transference of heat either by radiation or heating devices, 
the pressure falls faster than the volume increases and the expansion is 
adiabatic. 

If the temperature of the air be kept constant, heat being added as fast 
as it disappears, the expansion is isuotherma!. —Epitor 
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greater volatility, and the remaining liquid is richer 
in oxygen than the original liquid. But by simple 
fractionation the remaining liquid does not become 
pure or nearly pure oxygen until shortly before the 
complete vaporization of the original liquid, with the 
consequent loss, in the vapors, of practically all the 
oxygen. Rectification was added to recover some of 
the oxygen from the waste gases resulting from frac- 
tionation. By this process the vaporization of the 
liquid is brought about in the bottom of a rectifica- 
tion column wherein the warm vapors ascending 
from the boiling pool and passing up the column are 
brought into contact with a cold descending stream 
of oxygen-nitrogen liquid which reliquefies the less 
volatile of the ascending vapors, oxygen, causing it to 
join the descending stream and again to enter the 


vaporizing pool, while the heat of the vapor and the 


latent heat set free by the liquefaction of the oxygen 
vaporize an equivalent quantity of the more volatile 
constituent, nitrogen, of the descending liquid. The 
products of liquefaction, fractionation, and simple 
rectification are liquid oxygen and an effluent waste 
gas containing 93 per cent nitrogen and 7 per cent 
oxygen. 

The comparative difficulty of separating air into 
its constituents compared to the fractional distilla- 
tion of oils is at once apparent from observing Linde’s 
curve in Fig. 17. It is obvious from the curve that it 
would be impossible to economically separate the nitro- 
gen from the oxygen by a single-phase evaporation. 

A diagrammatic layout of a liquefaction plant is 
shown in Fig. 18. Prior to the admission of air to the 
fractionation column, its carbon dioxide content 
must be removed. This removal is essential because 
it solidifies at comparatively high temperatures 
(—14 deg. C.) and would obstruct the heat inter- 
changer or the column itself. Its removal may be 
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Fig. 18. Diagrammatic Layout of Liquefaction Plant 


Capacity 1000 cu. ft. of oxygen and 4000 cu. ft. of 
nitrogen per hour. 


accomplished by a chemical reaction between the 
carbon dioxide and a potassium or sodium hydroxide 
solution brought into intimate contact with the air 
by means of spraying towers. 


2 KOH + CO, —> K.CO; + H:0 


The air which is the only raw material needed for 
making oxygen or nitrogen by this process, after 
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treatment in the carbon dioxide removal towers, is 
drawn into a specially designed air compressor capable 
of operating at a pressure of 3000 lb. per sq. in. 
Considerable moisture is removed from the air at 
the various traps on the compressor and the remainder 
is taken out of the air as it passes through drying 
cylinders placed in the line running from the compres- 
sor to the heat interchanger. These drying cylinders 
form an essential part of the equipment. If the mois- 
ture were not removed it would freeze in the heat inter- 
changer or column and ultimately compel the plant 
to be shut down for thawing out. Some producers 
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liquefaction and evaporation the gaseous nitrogen, 
because of its greater volatility, is driven to the top 
of the column and oxygen in liquid form is dropped 
to the bottom of the column. The oxygen in lique- 
fying gives up heat of condensation, which in turn 
causes the nitrogen to evaporate, and the concom- 
itant effect of the nitrogen evaporating is to produce 
further drop in temperature and more liquid oxygen. 

The gaseous nitrogen and liquid oxygen pass out 
of the column into the heat interchanger where they 
absorb heat from the incoming compressed air. The 
ratio of specific heats of the expanded gases and the 


Fig. 19. Liquefaction Plant at the Schenectady Works of the General Electric Company. From left to 
right, the carbon dioxide towers, high-pressure compressor, liquefaction and fractionation 
: column, heat interchanger column, oil purger and air-drying bottles 


remove moisture by means of auxiliary refrigeration. 
Any oil that is carried over from the compressor is 
removed from the system by means of an oil purger 
placed directly ahead of the drying cylinders. By this 
means also the chemical drying material is kept free 
from oil and thus its effective life prolonged. 

From the drying cylinders the air is delivered to 
the heat interchanger where regenerative cooling is 
made possible by passing the ingoing air counter- 
current to the outgoing expanded gases. The ingoing 
air and outgoing gases should not have a greater tem- 
perature difference than 5 deg. F. As the air passes 
through the interchanger, it is progressively cooled 
to the point of expansion where the dissipation of 
heat in the form of internal molecular energy pro- 
duces liquefaction. 

The liquid air so produced passes into the frac- 
tionation column (Fig. 20) where through concomitant 


compressed air is such that the interchange of heat is 
facilitated, and the outgoing gases finally emerge from 
the interchanger at room temperature and pass to 
their respective gasholders. 

It is obvious that the attainment of such low tem- 
peratures requires some time, usually a period of from 
two to eight hours or more from the time of start- 
ing a warm plant to actual production of gas. The 
factors determining the length of this period are: 
the efficiency of the insulation on the interchanger 
and column, the pressure drop at the expansion valve, 
the steadiness of the operating pressure, the delivery 
of the air compressor, and the room temperature. 
The temperature of the air when entering the heat 
interchanger is a vital factor in the operation of the 
plant insofar as its efficiency in producing liquid is 
concerned, and for this reason any variation in room 
temperature is of concern. 
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The efficiency of this apparatus is measured in 
terms of cubic feet of oxygen produced per kilowatt- 
hour. This efficiency depends on the factors mentioned 
in the preceding paragraph, as well as on the con- 
version efficiency of the column, the volumetric 
efficiency of the compressor, the design of the heat 
interchanger, and the efficiency of removal of moisture 
and CO, from the air before it enters the interchanger 
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Fig. 20. Section Through a Heat Interchanger Column and a 
Liquefaction and Fractionation Column 


Gauges, gauge piping, and details of joints omitted for clarity. 


and column. The oxygen produced per kilowatt-hour 
may vary from 25 to 50 cu. ft., depending upon the 
quantity and purity of the oxygen produced. 

Liquid air, or more correctly liquid oxygen, can be 
withdrawn from the liquefaction column in any 
quantity within the limits of the equipment’s capacity 
for making liquid. Such withdrawal represents a loss 
of “cold” which must be compensated for by increas- 
ing the pressure drop at the expansion valve. Fig. 21 
shows the effect of withdrawing liquid oxygen from 
a plant having a capacity of about 4000 cu. ft. of 
oxygen per hour. 
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The comparative simplicity of the liquefaction 
process is quite apparent and the hazards involved 
are not great. 


Electrolytic Process 

The electrolytic method of producing oxygen and 
hydrogen is based on the phenomenon of electrolysis 
of water, and is followed out according to the scheme 
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Fig. 21. Curves Showing Power Consumption of High-pressure 
Compressor and Operating Pressure Necessary to Permit 
Withdrawal of Various Amounts of Liquid Oxygen 
from a Liquefaction Column 


Power Consumpex 


outlined in Fig. 22. A basic chemical is added to dis- 
tilled water to decrease electrical resistance and the 
reactions are carried on in special equipment called 
cells, Fig. 24. The solution or electrolyte ionizes into 
negative and positive ions. If sodium hydroxide is 
used as the base, this compound breaks up into posi- 
tive sodium ions and negative hydroxide ions. The 
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Fig. 22. Diagrammatic Layout of Electrolytic Plant 


water, which may be written HOH, breaks up into 
positive hydrogen ions and negative OH ions. The 
subsequent passage of an electric current through 
this ionized solution carries the positively charged ions 
to the cathode or negative terminal and the nega- 
tively charged ions to the anode or positive terminal. 
Subsequent electrochemical reactions result in the 
formation and collection of gaseous hydrogen at the 
cathode and gaseous oxygen at the anode. 

An asbestos diaphragm divides the cell into two 
compartments and mixing of oxygen and hydrogen 
is prevented by action of the surface tension of the 


APPLICATION OF OXYGEN AND HYDROGEN TO INDUSTRIAL OPERATIONS 


liquid on the diaphragm. A dry diaphragm will not 
prevent the passage of gas through it and for this 
reason the proper liquid level must be maintained. 
The theoretical efficiency of electrolytic equipment 
can be calculated by means of electrochemical equiv- 
alents which in their application to the electrolysis of 
water give the following: 16.2 divided by the number 
of volts taken per cell will give the number of cubic 
feet of hydrogen produced per kilowatt-hour; 8.1 
divided by the voltage taken per cell will give the 
number of cubic feet of oxygen produced per kilo- 
watt-hour. The volumes thus obtained are as of 760 
mm. pressure and 20 deg. C. temperature. Inasmuch 
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cells with their by-product hydrogen might be ad- 
mirably adapted to such conditions. 

The capital charges for a given oxygen capacity are 
greater with the electrolytic equipment, and so is the 
power consumption, but such apparatus must not be 
judged on the basis of its oxygen output alone. The 
hydrogen output must also be considered. If no mar- 
ket for hydrogen exists and if no market can be 
created, then the installation of electrolytic equip- 
ment is hardly justified. 

The liquefaction process produces a by-product 
for which there is no national market and few local 
markets today. The fixation of atmospheric nitrogen 


Fig. 23. Electrolytic Cell Room at the Schenectady Works of the General Electric Company. Each cell is 
fed with electrical energy from the positive and negative direct-current bus bars immediately above 
it and delivers oxygen and hydrogen separately through the glass tubes to the gas mains 


as the oxygen and hydrogen are produced simul- 
taneously, the sum of their respective outputs per 
kilowatt-hour must be taken in comparing the elec- 
trolytic process to any other on an efficiency basis. 


Factors Influencing Choice of Process 

The ideal market, whether local or national, will 
permit of operating liquefaction and electrolytic 
equipment in parallel, as shown in Fig. 25. The prod- 
ucts of such a plant would be oxygen, hydrogen, and 
nitrogen. At present there are but few local or na- 
tional markets that have been sufficiently developed 
to permit of operating such a plant on a balanced 
cycle. 

For oxygen production alone, electrolytic equip- 
ment is usually not suitable unless the load is very 
small or power is exceptionally cheap. However, in 
the light of the possible use of atomic hydrogen for 
welding, molecular hydrogen as a fuel gas in cutting, 
and other rapidly growing uses for hydrogen, the 
economic situation is greatly altered. The electrolytic 


in the manufacture of ammonia consumes enormous 
quantities of nitrogen, but the present system of com- 
pressed gas manufacture would not permit an eco- 
nomical distribution of the by-product nitrogen to the 
fixation plants. The transportation costs would be 
prohibitive. Therefore, except in isolated cases, the 
oxygen produced from the air must bear the total 
cost of plant operation. While oxygen produced 
electrolytically bears only one-third of the cost of 
plant operation, the application of both the gases 
produced must be such as to admit of their economi- 
cal utilization if the electrolytic process is to com- 
pete with the liquefaction process of oxygen manu- 
facture. Atomic-hydrogen welding or other industrial 
uses of hydrogen afford an excellent means of balanc- 
ing the output of the electrolytic plant and enable 
this process to compete effectively with the other. 

In addition, the electrolytic plant offers excellent 
opportunities for correcting the power load-factor by 
utilizing off-peak power, which brings down the 
cost of production considerably. The flexibility of 
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operation obtained with such equipment is very impor- 
tant for the smaller loads which would not admit of 
continuous operation of the liquefaction equipment. 

For years one of the greatest economic objections 
to the electrolytic process of oxygen manufacture 
has been the lack of market for the by-product hydro- 
gen. As the national oxygen load increased and the 
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Fig. 24. Section Through an Electrolytic Cell 
Minor details omitted for clarity. 


use of acetylene displaced hydrogen in cutting, the 
excess of the latter became greater and the economic 
result of such an unbalanced condition was to force 
the electrolytic process out of commercial oxygen 
manufacturing activities. 

Hydrogen can be, and has been, used as a fuel gas in 
cutting for years but until recently it could not be 
used in welding. Acetylene being used as a fuel in 
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much cutting is to be done the hydrogen would be 
greatly in excess and wasted. However, if as much 
welding is being done as there is cutting, the situa- 
tion is changed. The use of hydrogen in atomic- 
hydrogen welding, as well as other applications 
which do not involve the use of oxygen, tends to 
bring the hydrogen load up to a point where a bal- 
anced condition might be possible. 
TABLE VII 


Efficiency of Electrolytic Oxy-hydrogen Cells Based on 
Electrochemical Equivalents 


Energy | “00 pec. c. 760 um pressure | “Vonaponding 
T cote p Eer 
Per Cent pon Hydrogen Oxygen et evens 
100 15.87 10.58 5.29 1.496 
95 15.07 10.05 5.02 1.575 
90 14.28 9.52 4.76 1.661 
85 13.49 8.99 4.50 1.760 
80 12.70 8.46 4.24 1.995 
75 11.90 7.94 3.96 2.137 
70 11.11 7.41 3.70 2.3 
65 10.32 6.88 3.44 2.49 


* The current efficiency is 100 per cent when no products other than 
oxygen or hydrogen are produced and when there is no rediffusion of the 
gases or ions throughout the electrolyte or other losses. 


In addition to balancing the plant load, the use of 
this process of welding where possible effects further 
economies over oxyacetylene welding which should be 
credited to the electrolytic process of manufacture. 
Therefore when hydrogen can be used in welding, 
cutting, or as the reducing atmosphere in brazing 
and annealing furnaces, a balanced condition is 
produced which warrants serious consideration of 
the use of electrolytic equipment for the production of 
oxygen and hydrogen in place of liquefaction equip- 
ment for the production of oxygen alone. 


TABLE VIII 
BASIC VALUE FOR ELECTROLYTIC CELLS 


Electrochemical equivalent of oxygen (at 20 deg. C. and 760 mm. pressure) per 


1000 amp-hr..................-:5 ET abet se aster soar & 


eer o.s @ © ee ee Be © Fe oe we we ee 


7.9144 cu. ft. 


Electrochemical equivalent of hydrogen (at 20 deg. C. and 760 mm. pressure) per 


TOOO amphiro ee ROS Wl anak 
Electrochemical equivalent of oxygen.............. 


>. e o e» » a ù où où o o o o o oo o o o o } 


15.8266 cu. ft. 
0.2984 grams per amp-hr. 


= (0.007373 cu. ft. (at 0O deg. C. and 760 mm. pressure) per amp-hr. 


Electrochemical equivąlent of hydrogen............ 


e. æ. s. o». © @ @ o o © © © ew o we ee l l 


0.0376 grams per amp-hr. 


=0.014747 cu. ft. (at O deg. C. and 760 mm. pressure) per amp-hr. 


Electrolysis of 1 gal. of water at 20 deg. C. 760 mm. pressure will produce 
approximately cocu irera ea pe res E EAR RR 


One Faraday = 96,500 coulombs (ampere-seconds). 


89.13 cu. ft. of O: 
178.26 cu. ft. of H: 


Density H: =0.005,621 lb. per cu. ft. at O deg. C. 760 mm. pressure. 
Density O: =0.089,22 lb. per cu ft. at O deg. c. 760 mm. pressure. 
Coefficient of expansion of oxygen per deg. C. between 0 and 100 deg. C. =0.003,668,1 at 760 mm. pressure. 


Same for hydrogen = 0.00366. 


welding prompted its extended application to cutting 
thus reducing the number of kinds of gas required. 
Now the situation is subject to change. 

The cutting process uses more oxygen than it does 
fuel gas and is obviously a poor market for electro- 
lytic products because hydrogen is produced two to 
one by volume and cutting operations use at least 
two to one of oxygen. It is quite apparent that if 


It is at once apparent that the economics of the 
application of the gases is an excellent means of de- 
termining which manufacturing process to use. No 
selection of equipment should be made until the 
possibility of economically exploiting hydrogen has 
been investigated. The market for by-product hydro- 
gen in one case and nitrogen in the other bears 
a vital relation to the process used, as well as to the 
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operating characteristics of the equipment itself. 
The selection should not be based on relative power 
efficiencies nor necessarily on total costs of plant 
operation. The final decision should be made with 
consideration to the possible economic application 
of the by-product gases and to the effect of. that 
phase of activity on the total costs. The manufacture 
of these gases should be closely allied with their 
susbsequent use, and the selections of processes of 
manufacture should be made with respect to the 
overall efficiency of cutting and welding or other 
possible gas applications. 

Recently developed liquefaction columns permit 
the simultaneous production of high purity nitro- 
gen and oxygen. Such an improvement, resulting 
in low-cost nitrogen, should stimulate new uses for 
this inert gas in metallurgical operations. The crea- 
tion of such nitrogen markets would thus reduce the 
cost of liquefaction oxygen; but it will be some time 
before such markets can be developed to have an 
appreciable effect on the ultimate cost of oxygen to the 
consumer who is buying it. The cost of distribution 
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field as a serious competitor of liquefaction oxygen 
equipment. 

Tables VII, VIII, and IX are included to make 
possible a comparison of the performance charac- 
teristics of electrolytic and liquefaction oxygen plants. 
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Fig. 25. Diagrammatic Layout of Combined Liquefaction 
and Electrolytic Plant 
Judged on the basis of oxygen requirements only, 
for annual oxygen loads of over 2,000,000 cu. ft. 
per year, the liquefaction process seems preferable. 


TABLE IX 
COMPARATIVE DATA FOR 1000-CU. FT. PER HR. OXYGEN PLANT 


Oxygen produced per kw-hr. (theoretical). .. 
Oxygen produced per kw-hr. (actual)....... 


Initial cost for producing equipment........ 


Non-productive time required to get plant into full 
PFOdUCIONs515.c5ci cdo be tan Go oe 


Number of hours per day plant must run to be most 
Economical <: 9 onus cial acon N 


Rate of depreciation... ..............000. 


By-products produced (theoretical)........ 
By-products produced (actual)............ 


Equipment area required including aisles, etc 


Ratio of labor cost per M. cu. ft............ 
Relative incidental material costs per M. cu. ft.... 
Relative maintenance costs per M. cu. ft.... 


Purity of OXY Rene i cores we eos eee es 
Purity of by-product............... 0.000. 


Connected load for production only........ 
Ratio of other costs per M. cu. ft.......... 


Liquefaction Electrolytic 
rocess Process 
aes 25 cu. ft. 5.29 cu. ft. 
acne 24 cu. ft. 4.00 cu. ft. 
iy ae tect $25,000 $50,000 
Almost 
beset 2 to 8 hr. instantly * 
Depends on 
sets war 24 type of cell 
doe ENR 10% 10% 
ho. ets 100 cu. ft. N: 10.58 cu. ft. H: 
is Sail 88 cu. ft. N: 8.00 cu. ft. H: 
ERE 800 sq. ft. 2500 sq. ft.f 
Sr TEON, 100% 100% 
100% 90% 
oat ty, ee 100% 90% 
re 99.0% 99.5% 
cana eek 99.0% N: 99.5% H: 
Sane teat 55 hp. approx. 330 hp. approx. 
TEE 100% 100% 


* A short time, together with an increased power consumption, is necessary to bring the electrolyte to 


normal operating temperature. 
t Includes area for motor-generator sets. 


This varies with the type of cell but a sacrifice in operating 


efficiency results if floor space is favored at the expense of other design features of the cell. 


will remain a predominating factor until radical 
changes are made in the distribution system as it 
exists today. 

Should atomic-hydrogen welding or hydrogen cool- 
ing for electric generators and the use of hydrogen 
atmospheres in electric brazing and annealing fur- 
naces become quite general, it is possible that elec- 
trolytic oxygen equipment may again fill an economic 
need and re-establish itself in the commercial gas 


For annual oxygen loads of less than 2,000,000 cu. 
ft., the electrolytic method is probably more suitable, 
provided of course that uses can be found for the 
by-product hydrogen. In view of the importance of the 
possible exploitation of the by-product gases, it 
is believed that each process has a field of applica- 
tion which will become of increasing importance to 
industrial consumers of these gases when a true reali- 
zation 1s obtained of the economic factors involved. 


(To be continued) 
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HE use of the principle of the transfer of energy 

by electromagnetic induction from one electric 

circuit to another, t.e., the transformer func- 

tion, 1s the same in the coreless induction furnace as 

in the core-type induction furnace. In both types we 

have three successive energy conversions, víz., from 
electric to electromagnetic, to electric, to heat. 

The transition from the core-type induction furnace 
to the coreless induction furnace is represented by 
(A), (B), and (C), Fig. 74. In (A) is illustrated the 
principle of the core-type induction furnace; the 
distinguishing features of this type being an iron core 
for the magnetic circuit and a single-turn closed loop 
for the secondary electric circuit. With the removal 
of the iron core, as in (B), we have in principle the 
coreless induction furnace, which in elementary 
form is illustrated by (C) in Fig. 74. The fundamental 
parts consist only of the charge to be heated and a 
primary coil. 

If a given voltage (E,) is applied to the primary 
coil, Fig. 74 (A), the magnetic flux set up is propor- 
tional to the ampere-turns of the coil and to the mag- 
netic conductivity of the path of the flux, and is inde- 
pendent of the frequency of the source of the current 
in the coil. The voltage (E,) induced in the secondary 
circuit is proportional to the rate of change in the 
magnetic flux interlinking that circuit, t.e., to the 
frequency of the circuit supplying the primary coil. 

With the removal of the iron core, the conductivity 
of the path of the magnetic flux is reduced to the 
magnetic conductivity of air with the corresponding 
reduction in the flux. Hence for any value of fre- 
quency which may have been considered in the pre- 
ceding paragraph the current in the secondary 
circuit—which is proportional to the secondary volt- 
age—will be reduced in the same ratio. We can, how- 
ever, with no other change in conditions raise the 
frequency at which the current is furnished in the 
primary coil until the secondary voltage, and hence 
the secondary current, has the same value as before. 
Thus in the first case, viz., that of the core-type induc- 
tion furnace, we deal with a large magnetic flux and 
aslow change in the flux, i.e., a low frequency; 
and in the second case—that of the coreless induction 
furnace—with a small magnetic flux and a rapid 
change in the flux, t.e., a high frequency. 


E. F. NORTHRUP 
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In Fig. 74 (C) the secondary coil of definite form, 
indicated in Fig. 74 (B), is replaced by a secondary 
circuit of indefinite form, t.e., a simple body of metal 
in a non-metallic non-electrical conducting container 
or crucible. For the induced currents in the charge 
we depend upon the penetration of the alternating 
magnetic flux into the body of metal. The flux density 
in the body of metal (or charge) falls off rapidly from 
the side surface towards the vertical axis, as shown 
by the logarithmic curve C in Fig. 75, so that even at 
a comparatively short distance from the side surface 
the flux density is very small. We can substitute for 
the actual area of the magnetic path within the 
charge an equivalent area, 1X p, Fig. 75, which with 
a uniform flux density would give the same total 
magnetic flux as exists in the body of metal. The 
value of p thus defined is termed the “depth of pene- 
tration” of alternating magnetic flux into the charge. 
Steinmetz @”) has shown that 
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4 vara (15) 
in which 

p=depth of penetration in cm. 

f= frequency 

A= electrical conductivity 


u= magnetic permeability. 


Thus, in accordance with the equation it is seen 
that the “depth of penetration” of an alternating 
magnetic flux is inversely proportional to the square 
roots of the frequency of the magnetic flux and of the 
two properties of the substance, electrical conduc- 
tivity and magnetic permeability. Table XXI gives 
values of p for several metals and alloys. 

As the e.m.f. developed with a given frequency at 
any point within the mass of a charge of metal is pro- 
portional to the magnetic flux at that point, the cur- 
rent densities measured along the horizontal axis of the 
charge will give in graphic form a logarithmic curve 
similar to curve C of Fig. 75. Hence in lieu of refer- 
ring to the depth of penetration of alternating 
magnetic flux into the charge we can refer to the 
depth of penetration of the currents which circulate 
in the charge. 


(7)Steinmetz: ‘‘Transient Electric Phenomena and Oscillatings,’’ Chap. 
VI, 1909 Ed. 
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The total current in the charge is the product of 
the average current density and the cross section of 
the path of the current. The value p now represents 
the average current density in the charge and the 
area 1X p is the cross sectional area of a conductor 
equivalent in electrical resistance and reactance to 
these values for the actual path of the current in the 
charge. From the values of p in Table XXI and from 
the chart given in Fig. 76 it will be noted that in the 
coreless induction furnace the development of heat 
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Fig. 74. Diagrams Illustrating the Transition from the Core-type Induction to the 


Coreless Induction Furnace 


in a metal charge is largely concentrated in a com- 
paratively thin shell of metal around the charge. 
This shell in effect forms the secondary circuit of 
the transformer (Cf. (B) in Fig. 74). 


When an alternating current through the primary 
coil, as that shown in (C) Fig. 74, reaches its 
maximum value, Im, the total electromagnetic energy 
stored in the space contiguous to the coil is 


Metal Charge 
Secondary Circuit Crucible 
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For a frequency f the corresponding input of power 
into the charge of metal is: 


P’=2f W’ (17) 
or by the substitution of Equation (16a) into (17) 

P'=0 L f In? (17a) 
and assuming sine wave forms, I,,?7=2 I, 

P’=20LfP (17b) 


Primary Coil 
Insulation 
Non-Metallic 


(C) Fig. 75. The Logarithmic Gradient 
of Alternating Flux Penetration 
in a Body of Metal 


From Equation (17) it is seen that with all other 
conditions unchanged the rate at which energy is 
absorbed by the charge of metal, t.e., the rate at which 
the metal is heated, is proportional to the frequency 
of the current in the primary coil. This is a basic 
principle of the coreless induction furnace. 

The value of the factor 0 of Equation (17b) de- 
pends upon the coupling between the primary and 
secondary circuits and approaches its maximum value 


weet m (16) as the coupling approaches the theoretically perfect 
2 relation between these two circuits. 
TABLE XXI 
VALUES OF p IN CENTIMETERS 

Frequency............... 25 60 500 1000 10,000 

Solid Molten Solid Molten Solid Molten Solid Molten Solid Molten 
Copper..............006. 0.92 3.22 0.60 2.12 0.20 0.70 0.15 0.51 0.05 0.16 
Zinc and Š P 
A T 1.75 | 413 | 113 | 266 | 039 | 093 | 0.28 | 065 | 0.09 | 0.21 
60-40 Brass.............. 1.75 4.74 1.13 3.05 0.39 1.06 0.28 0.75 0.09 0.24 
Wrought Iron............ 0.70 0.05 0.01 0.004 
Cast Iron................ 0.50 0.33 0.08 ee 0.025 
in which As previously stated (Part IV) a portion of the heat 


W = watt-seconds 
L =coefficient of self-induction of the coil 
I „= maximum value of the current during the 
half-cycle. 
A certain part of this energy enters the charge of 
metal. This is T OL Ip? 


in which 2 
6 =the fraction of the total electromagnetic 
energy which is absorbed by the charge. 


(16a) 


developed in the secondary circuit of an induction 
furnace is lost by flow outwards through the furnace 
walls, and the maximum temperature to which a 
charge of metal can be raised with a given power 
input P’ depends upon the thermal resistance between 
the charge and the surrounding atmosphere. This 
thermal resistance, t.e., the heat insulation, between 
the charge and the primary coil of a coreless induction 
furnace, shown in (C), Fig. 74, functions as a one-way 
valve (leaking to a certain extent) in the path of the 
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flow of energy into and out of the charge. The tighter 
this valve—the higher the thermal resistance—the 
higher the maximum temperature which can be ob- 
tained. 

The ideal case of heating is that of raising the 
temperature of a body without a loss of heat from 
the substance. For such a case the time-temperature 
curve, assuming a constant rate of heat input and no 
change of state while heating, is a straight line, curve 
C in Fig. 77, the slope of which for a given constant 
power input depends upon the thermal properties of 
the substance being heated. However, as soon as the 
temperature of a body rises above the temperature of 
its surroundings heat flows from the body; and the 
time-temperature curve bends more and more to the 
right of the tangent curve C as the heat flow from the 
body increases with the rise in temperature of the 
body, as curve A, Fig. 77. This time-temperature 
curve is logarithmic, and has a horizontal asymptote 
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Fig. 76. Relation of the Penetration Factor of Alternating Magnetic 
Flux and Frequency in Melting 78-22 Brass 


the ordinate of which is the temperature of the body 
at which the rate of heat loss from the body is equal 
to the rate of heat absorption by the body, t.e., the 
temperature of the body becomes constant at the 
maximum temperature attainable under the given 
conditions. 

Consider again the body of metal which forms the 
charge in Fig. 74 (C). If the thermal resistance between 
the charge and the primary coil be higher than that 
assumed in the case represented by the time- 
temperature curve A, Fig. 77, the body can be 
raised to a higher maximum temperature by the same 
power input to the body and we will have another 
time-temperature curve, B. What is more important 
in practice, however, is that the body in the latter 
case can be raised to some given temperature (lower 
than the maximum temperature attainable in that 
case) within a shorter time. In lieu of increasing the 
thermal resistance, which with a coreless induction 
furnace would probably mean increasing the thick- 
ness of the heat-insulating material thereby decreas- 
ing the coupling and decreasing the value W” in 
Equation (17), we can increase the value of P’ of 
Equation (17) by raising the frequency (thus leaving 
W’ unchanged) and the result is the same, t.e., the 
body is raised to the given temperature in a shorter 
time. From another viewpoint, the higher the thermal 
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resistance of the materials surrounding the body— 
the tighter the one-way valve—the lower may be the 
frequency required to obtain a given temperature 
in the given body within a given time. 

The minimum thickness of the wall of the con- 
tainer of the charge is fixed by the need for mechani- 
cal strength. Hence in order to obtain a reasonable 
value of the fraction 0, the space between the crucible 
and the primary coil is limited. Therefore the thick- 
ness of the wall of material around the crucible—and 
therefore the thermal resistance between the charge 
and the surrounding atmosphere—is a compromise 
between the selection of the frequency and the ac- 
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Fig. 77. 


ceptable rate of heat loss; and this with particular 
reference to the high temperatures of metal-melting 
service. Under the practical conditions of furnace 
construction the maximum temperature attainable 
in coreless induction furnaces of small and moderate 
sizes by the use of a low frequency, say 60 cycles, are 
low—much lower, in fact, than the melting-points of 
many metals and alloys. Hence this is one of the 
reasons for the operation of this type of furnace at 
frequencies which are higher than the standards for 
light and power circuits. 

With the coreless induction furnace the significance 
of frequency as expressed in Equation (17) is of 
moment also with reference to the conversion effi- 
ciency of the furnace. The total heat loss from the 
charge by flow through the walls during the heating 
period is the product of the average rate of this heat 
flow and of the time required for the heating opera- 
tion. The average rate of heat flow outward depends 


INDUSTRIAL ELECTRIC HEATING 


only upon the difference between the initial and final 
temperatures of the charge. Hence the less the time 
required for heating the less is the total heat loss per 
charge. As, with no other change, the time required 
for heating depends only upon the value of P’, Equa- 
tion (17), and as this in turn depends only upon the 
value of the frequency, the higher the frequency the 
higher will be the conversion efficiency of the furnace. 

Coreless induction heating can be applied to a wide 
variety of shapes of charges since there is no magnetic 
core in the coreless induction furnace to require a 
certain configuration of parts. However, in melting 
service, the need for a container for a molten metal 
makes the cylindrical shape of charge practically 
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value of p is 44 10~* ohm. The diameter of the charge 
is assumed to be 25 cm. 
Poe 25 X 10° X 44 
mm 625X108 

Example 13: Assume that a frequency of 480 cycles 

is available for melting the alloy of Example 12. 

_ 25% 10*X 44 

ad X108 

This gives 15cm. asthe minimum diameter of thecharge 

for a 480-cycle furnace. The diameter can be as much 

larger as the economics of furnace construction permit. 
Equation (18) states in general that the smaller 

the diameter of the charge the higher must be the 

XXII 


= 176 cycles 


480 


VALUE OF p IN CENTIMETERS 


FPIEQuencCy areeiro RAA 25 
Temperature: 
DGS Cc eee e EO A 0 1000 0 
Material: 
20 21 13 


60 500 1000 10,000 
1000 0 1000 0 1000 0 1000 
13.6 4.5 4.7 3.2 3.3 1.0 1.04 


Grapnitesncsac kas aA RET ; : : ; : A 


universal. With this in mind in addition to the fore- 
going considerations, it will be evident that the 
factors which determine the selection of frequency 
for a coreless induction furnace for a given melting 
service are: 


(a) 
(b) 
(c) 
(d) 
(e) 
(f) 


An analysis of the factors (a) and (b) made by 
Northrup ® is expressed by the equation: 


The depth of penetration 

The diameter of the charge 

The temperature required 

The degree of heat insulation obtainable 
The amount of power required 

The cost of the electrical equipment. 


_ 25X10°Xp 


Smin. = d? (18) 


in which 
fmin. =the minimum value of the frequency 
p= the resistivity of the charge, ohms per 
centimeter cube 
d= diameter of the charge in centimeters. 


For metal-melting service the value of p in Equa- 
tion (18) should be the resistivity of the metal or 
alloy in the molten state. This equation states only 
the minimum value of frequency for any given metal 
and diameter of charge. The value of frequency to use 
in any given case should be as much higher as may be 
permissible by the other factors which influence the 
choice of frequency. 

Example 12: With reference to the factors (a) and 
(b) assume a charge of 60-40 brass. From Fig. 64 the 


(%)Northrup: “Inductive Heating,” Journal of The Franklin Institute, 
Pebruary, 1926. 


minimum value of the frequency. Thus for small 
charges, for which the energy required for melting is 
small, a high frequency is indicated. For large charges 
and correspondingly high power inputs the frequency 
may be much lower than that needed for small charges. 

If the charge in a coreless induction furnace is mag- 
netic material, e.g., a ferrous alloy, the high magnetic 
conductivity of the path of the magnetic flux in the 
charge aids the heating of the charge until the tem- 
perature of the metal reaches the critical temperature 
ranges, beyond which such material is non-magnetic. 

It has been proposed to use a lower frequency, e.g., 
60 cycles, for heating ferrous charges up to the critical 
temperature range and then to continue the heating 
of the charge by the use of a suitable high frequency.. 
This method may or may not be practicable depending 
upon the conditions in each case. 

A substance that is not an electrical conductor, 
e.g., glass, cannot, of course, be heated directly by the 
induction method. For such materials the crucible is 
made of an electrical conducting material of high 
electrical resistance, e.g., graphite, and the wall of the 
crucible serves as the secondary circuit in which heat 
is developed. The charge is heated by the flow of heat 
by conduction into the mass of the charge. In such 
cases the surface thermal resistances oppose the 
heating of the charge up to the melting point of the 
material. As far as our knowledge of surface thermal 
resistances goes at the present time, the thermal 
resistance at the junction of a solid and a liquid is nil. 

Table XXII gives the values of the depth of pene- 
tration (p) for graphite. It will be noted that for this 
class of material the value of p is not affected to any 
great extent by temperature. 
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The temperature gradient in heating non-electrical 
conducting charges is from the wall of the crucible 
into the charge. Hence for the melting of such charges 
the wall of the crucible must be carried at a higher 
temperature than that of the charge. This is the reverse 
of the condition obtained when heating metallic 
charges; and the conversion efficiency of the furnace is 
somewhat lower than when heating a metallic charge. 


Fig. 78. The Stirring Effect Occasioned by the Circulation 
Within the Mase of Molten Metal Being Heated by 
Induced Currents 


The center line of charge and of primary coil is indicated by line c-c. 


A charge of material—either metallic or non- 
metallic—is seldom a one-piece solid. The more finely 
divided the charge, the higher will be the thermal 
resistances in the path of heat flow from the outer 
shell of the charge (in which the heat is developed) 
into the body of the charge. In case of metal charges, 
a subdivision of the charge affects also the electrical 
resistance of the secondary circuit (while the charge is 
in the solid state) by the introduction of contact 
resistances in the paths of the induced currents. How- 
ever, contact resistances between pieces of the charge 
tend to make each piece of metal a separate secondary 
conductor; also the depth of penetration is propor- 
tional to the square root of the resistivity of the 
metal (Equation 15), so that on the whole, the effect 
of subdividing a metal charge as regards heating may 
be favorable or unfavorable, depending upon the 
resistivity of the metal and the size of the pieces. In 
general, subdividion of the charge does not limit the 
application of the coreless induction furnace for melt- 
ing service. For example, it is found that “cabbage” 
charges of non-ferrous metal scrap are melted with 
peculiar facility in this type of furnace. 

As soon as the molten state is reached in the melt- 
ing of metals in a coreless induction furnace the elec- 
trodynamic forces in the liquid conductor, together 
with the force of gravity, cause motion or circulation 
in the molten mass. This movement of the molten 
metal in a crucible is indicated by the arrows in Fig. 
78. Thus the molten charge is stirred automatically. 
The stirring is proportional in degree to the power 
input to the furnace and, being thus under control, 
can be adjusted to any degree desired to suit the 
metallurgica) phase of the melting operation. For the 
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refining of a molten charge the power input to the 
furnace is reduced to that required for holding the 
metal temperature, and during refining the metal 
can be held in a quiescent state or stirred to whatever 
degree desired by regulating the power input to the 
furnace. 
The power input to the charge (while in the molten 
state) is given °” as 
P= O4560E I 


VV +2—2 0 
in which 


P’=input to the charge in watts. 
E = voltage applied to the primary coil of the 
furnace. 
I =current in the primary coil. 
6=as before, the fraction of the total electric 
magnetic energy absorbed by the charge. 


(19) 


The power input to the primary coil of a coreless 
induction furnace of the general arrangement shown 
in Fig. 74 (C) is 


=e (20) 


in which y,=conversion efficiency of the furnace, ex- 
pressed in per cent. 
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Fig. 79. A Sectional Diagram of a Coreless Induction Furnace 


Then Equation (2) becomes 


p= 0.450 EI (21) 


VV +220 

Equation (21) states that for the theoretical coup- 
ling between the primary and secondary circuits 
represented by 0=1.0, the power-factor of the pri- 
mary circuit of the furnace with a molten metal 
charge would have the value 0.45; t.e., the power- 
factor of this circuit in any actual case will be some 
value less than 0.45. 


09) Northrup: “Electric Heating Dea OnE Induction." GENERAL 


ELectric Review, November, 1922, p. 656. 
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The power-factor of the primary circuit of a core- 
less induction furnace depends upon the ratio of the 
squares of the diameters of the charge and of the 
primary coil, the frequency, and the electrical prop- 
erties of the charge. For less than full charges of metal 
the degree of coupling will vary with the height of 
the metal in the crucible. The smaller the charge the 
less the value of the fraction 0 and the more this 
relation tends to lower the power-factor. On the other 
hand, the smaller the charge the higher is the resist- 
ance of the secondary circuit. The result of these 
two opposing factors is that, for a given metal or alloy, 
the power-factor of the furnace circuit does not vary 


(Courtesy of Ajax Electrothermic Corporation) 


Fig. 80. A 150-kw. Coreless Induction Furnace Installation, Showing the 
Frequency Changer in the Background 


over a wide range for different weights of charges. 
If the crucible is used as the secondary circuit, as 
in melting non-conducting materials, the power- 
factor of the furnace circuit is not affected by the 
weight of the charge. The value of the fraction @ is 
selected to suit conditions in each case. For metal- 
melting furnaces an average value of 6 is 0.61 when 
the charge is in the molten state and the correspond- 
ing value of the power-factor, from Equation (21), 
is 0.23. If in all cases the power-factor of the 
furnace circuit is corrected to the degree desired for 
average operating conditions, there will be but little 
need for adjustments of the corrective effect for 
varying weights of charges. 

While some metals are more amenable to the use of 
the coreless induction furnace for melting than others 
(see Table XVI) this type of furnace is not limited 
in its application to metal-melting service. The 
electrodynamic forces in the charge after the molten 
state is reached is not a limiting factor, and a high 
power input to the charge is permissible throughout 
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the entire range of the time-temperature curve of the 
operation. The freedom in this respect makes prac- 
ticable the rapid melting of charges and gives rise to 
the term “high-speed melting,” often used with 
reference to this type of furnace. The high conversion 
efficiency—in terms of lbs. per kw.-hr.—resulting 
from rapid melting is an important factor in the 
economy of melting service; but more often the high 
rate of production is a more important factor in the 
economy of manufacturing operations. 

The only temperature limitation of this type of 
furnace is the temperature limit of the material of 
the container of the charge. However, as previously 
noted, themaximumattain- 
able temperature in any 
given case is that fixed 
by the maximum input of 
power into the charge and 
the degree to which the 
charge can be insulated 
against thelossof heat. The 
container for the charge of 
a coreless induction furnace 
is a crucible of the ordinary 
form or a crucible-shaped 
cavity formed in a refrac- 
tory. Hence with this type 
of furnace the refractory 
problem is in its simplest 
form. With the coreless in- 
duction furnace the heating 
operation starts with a cold 
charge (or with a molten 
charge if there is any occa- 
sion for such procedure) 
and if the charge does not 
expand while cooling, it 
may be allowed to freeze while in the furnace if it is 
not convenient to pour after melting. The crucible 
can be sealed during the melting process unless there 
are materials (water, oil, etc.) in the charge which 


‘give off gases when heated. If the crucible is closed 


the atmosphere in contact with the surface of the 
metal can be made neutral or reducing as may be 
needed in any particular case. Obviously various 
modifications of the crucible to suit particular con- 
ditions can be made; one of these is the use of a 
sealed crucible for melting in a vacuum. 

The diagram in Fig. 79 illustrates the construction 
of the small and moderate sizes of single-phase core- 
less induction furnaces for melting service. For these 
sizes the frequencies range from 500 to 2000 cycles and 
voltages from 400 to 2000 volts, both according to 
the kind of service and the dimensions of the furnace. 
A typical installation of a furnace of this type is shown 
in Fig. 80. 

Perhaps the most interesting feature in the design 
of this furnace is the single-layer primary coil, shown 
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separately in Figs. 81 and 82. The single-layer design 
is based upon the following considerations: 

(a) The strength of the magnetic field is pro- 
portional to the ampere-turns of the coil. The am- 
peres in a given coil are limited by the rate at which 
heat can be dissipated from the coil and by the 
insulation between turns. Neglecting the space re- 
quired for insulation, the IR heating effect for a 
given number of ampere-turns is independent of 
this relation between the number of turns and num- 
ber of layers. For example, if in a given coil space we 
use two layers instead of one layer we would have 


A Primary Coil of the Water-cooled Type for a 
Coreless Induction Furnace 


Fig. 81. 


twice the number of turns, four times the ohmic 
resistance, and one half the current; but the PR 
loss would be unchanged, t.e., 


(<) 4R=PR 
G 


(b) The voltage at the primary coil terminals is 
comparatively high and the electrical insulation 
of the turns of the coil becomes more and more a 
problem, both as to the insulation property. and 
space occupied, as the number of layers in a given 
coil space is increased. 

(c) With high frequencies the distributed ca- 
pacity will be increased with consequent increase 
in heat loss by the use of a multiple-layer coil. 

(d) It is essential to bring the primary coil as 
close to the charge as thermal conditions will per- 
mit. The thermal resistance between the charge 
and the primary coil. is limited by both the space 
and the available materials for heat insulations 
so that the primary coil must serve as a dissipator 
for a large part of the heat loss of the furnace. A 
single-layer coil makes simple the carrying away 
of the heat received by the coil from the furnace 
and the J?R loss of the coil by the use of a hollow 
conductor and a flow of water through the coil. 
For a given frequency, the maximum rate of heat- 
ing is a matter of the maximum permissible am- 
pere-turns of the primary coil. For a given coil the 
maximum ampere-turns 1s determined by the volt- 
age applied to the terminals which in turn is 
limited by the electrical insulation of the coil. With 
water cooling the coil is maintained at a compara- 
tively low temperature; and the electrical insula- 
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tion can be made of high degree so that the rate of 
the energy transferred at coil will be correspond- 
ingly high. In practice, using moderate pressures, 
the temperature rise of the water passing through 
the coil does not exceed 25 deg. C. and the average 
temperature of the coil is below 50 deg. C. How- 
ever, water cooling of the primary coil is not always 

necessary. If not, the primary coil as before is a 

single-layer coil made of flat copper strap, wound 

edgewise. 

The selection of the crucible depends upon the 
nature of the charge to be melted. As previously 
noted the crucible may be self-contained or may be 
formed as a cavity in a refractory material, acid or 
basic as required. For carbon-free melting of ferrous 
alloys with pouring temperatures around 1500 deg. C. 
(2732 deg. F.) a self-contained crucible made of 
moulded silica sand is often used. The space between 
the crucible and the primary coil is packed with silica 
sand as shown in Figs. 79 and 82. As the inner diam- 
eter of this type of crucible increases with successive 
melts new crucible material forms on the outer side 
of the crucible and this action materially prolongs the 
life of the crucible. 

The furnace shown in Fig. 80 is arranged for pour- 
ing by tilting, the mechanism being a more or less con- 
ventional arrangement of parts. The coreless induction 
furnace is flexible in design as regards the provision 
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Fig. 82. An Enlarged Section of a Double-wound Single-layer 
Water-cooled Primary Coil for a Coreless Induction Furnace 


for removal of the molten metal and standard types 
include, according to the size: 


(a) Portable furnaces 

(b) Stationary furnaces for dipping 

(c) Drop coil furnaces. The furnace structure is 
raised and lowered around a stationary crucible. 


(d) Lift coil furnace. The reverse of the drop coil 
crucible. 

(e) Tilting furnaces with center of rotation through 
the spout. 


(f) Large furnaces arranged for tapping. 


INDUSTRIAL ELECTRIC HEATING 


The circuit diagram of a coreless induction furnace 
installation is shown in Fig. 83. This diagram applies 
only to the larger size installations in which rotating 
apparatus is used to supply the high-frequency cur- 
rent and in which capacitors are connected in parallel 
with the primary coil of the furnace. For small 
furnaces the high-frequency current is supplied by a 
mercury discharge gap oscillator. This apparatus, 
together with rotating high-frequency generators, 
high-frequency capacitors, switching apparatus and 
methods of power control for coreless induction fur- 
nace installations will be included in the subject matter 
of a later part of this serial under the title ‘Electrical 
Apparatus for Electric Heating Equipment.” 


Fig. 83. The Diagram of Connections for a Single-phase Coreless 
Induction Furnace Installation of Two (or more) Furnaces 
in Parallel 
d{—Motor 
G —Singte-phase separately-excited generator 
C Capacitor for each furnace 
C’ ne capacitor, which may or may not be used depending upon 


ific conditions 
nd section of furnace coil in series with capacitor. 


The conversion efficiency, operating efficiency and 
melting rate of a coreless induction furnace depends— 
as in the case of other types of furnaces—upon the size 
of the installation, nature of charge, pouring tempera- 
ture, and upon the method of operation. The following 
data are typical of the results obtained with a small 
unit in commercial service melting a particular alloy: 


36 per cent iron 

36 per cent nickel 
5 per cent copper 

23 per cent scrap 


Char ee ia a's Sea eed s Aer bw awe 322 Ib. 


; 11 in. inside diameter 
CPCI D6 das eek whe eo Seed: Fre wl aks { 16% i in. inside depth 
Size of generator.... 0.0... 0.00. ce ee eet eee nee 150 kw. 
Frequency 232 sGeo tat aa nore saw A Shee eon 2000 cycles 
VOlCA Rey ie Ri ois ach oa a Rew asus Roos, hee 3 900 volts 
Power-factor of circuit to furnace............. 1.0 (average) 
Melting time@s.< bacss ek ee eens en oes de oe eb wed « 30 min. 
Melting fate .i 6.32604 6i5s osha kes enai 644 lb. per hr. 
Temperature of cooling water at exit............ 45 deg. C. 
Kw-hr. per Charge ic. ccs oa ties ew pa we Rha Se Daa VS wA 67.5 


Conversion efficiency of furnace alone... .420 kw-hr. per ton 


Conversion efficiency of unit, t.e., including 
frequency changer at 72 per cent 


CMICIENCY osc ei eea Rad eal eres 585 kw-hr. per ton 


The extent of the present use of the corelessinduction 
furnace in installations of 50 kw. and over in metal- 
melting service is shown in Table XXIII. In addition 
to the installations noted in this table there area large 
number of small furnaces both in this country and 
abroad which have been in service for a number of years. 

In accordance with the logical mode of develop- 
ment of new types of apparatus, the design and 
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technique of the coreless induction furnace was first 
developed along the more simple lines of the single- 
phase non-shielded furnace. As two or more such 
furnaces can be balanced on a polyphase circuit this 
imposes no handicap on the full utilization of the rotat- 
ing type high-frequency generator. Moreover, the ex- 
ternal magnetic field of small and moderate sizes of 
furnaces is nota serious matter. Withthe growthin the 
use of this type of melting equipment there has arisen 
the demand for large units; and with this demand three 
additional phases of design are readily apparent; first, 
the furnace must be made a polyphase unit; second, 
the external magnetic field is not permissible; and 
third, the problem of mechanical strength in the fur- 
nace design. The solution of the problems thus pre- 
sented form a second chapter in the treatment of the 
coreless induction furnace and will be the subject of a 
later article in this series. For the present it will suf- 
fice to say that furnaces of this type for melting steel 
are available in sizes of one ton and upward. 

An analysis of the conditions in each case is essen- 
tial for the economic use of heat in manufacturing. 
This holds true for an understanding of the possi- 
bilities of the coreless induction furnace as a melting 
unit. Coreless induction heating applied to melting 
or to other heating service is not a substitute for other 
methods of electric heating save where its use is 
economically justified. This justification may come 
about through a variety of conditions so that each 


TABLE XXIII 
Installation Size Frequency Voltage Metal Melted 
1 50 ee iis Steel 
2 50 seat eee Steel 
3 60 960 | 900 Steel 
4 60 960 440 Steel 
5 100 480 1800 Silver 
*6 100 500 1800 Steel 
27 100 1800 1900 Nickel 
*8 100 500 i Nickel 
9 150 - 2000 900 Steel 
10 150 2000 900 Steel 
*11 150 2200 — Steel 
*12 150 800 900 Steel & brass 
13 1500 480 1800 Nickel-silver 


*Instailations in foreign countries. All others in the United States. 


case must be studied with reference to its application. 
While the use of high frequencies for induction heating 
is comparatively new with respect to the general use 
of electric heat, the application has extended over a 
considerable period of time both in this country and 
abroad; and the field to which it is suited in an eco- 
nomic sense is fairly well defined. This field, as regards 
melting of metals, lies mainly in the production of 
high-grade ferrous alloys of uniform composition 
from melt to melt, the production of pure metals and 
alloys of all kinds, for the production of high pouring 
temperatures, and for rapid melting in all classes of 
melting service. 


(To be continued) 
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zero. Such a condition would arise if for in- 

stance it were desired to find the number of 
coulombs supplied by a storage battery after the 
switch was closed on an inductive circuit. 


CC ero. Suc first the case when one root is 


The current then is anaes 7 


t 


and the number of coulombs is f idt, or i 
0 p 


E 
.. Coulombs = ———— 1 
p(r+ pL) 
In this case Zp = p(r+pL) and one root is zero. Thus 
the Expansion Theorem could not be applied. 
The procedure then is to determine by the Expan- 


sion Theorem the value of 


E r; 
h is: =[1— zi ]. 
or at is : eL 


: 1 ak 
Then, since — means integration between the limits 


zero and ?t, we get 


E fi 
Coulombs = : [1-. i] at. 
0 


Therefore, when one root is zero an integration has 
to be resorted to. 


Yip) 
? 4, one root 


E O Aa 


In general if += 


is zero. In this case determine the value of 
a <a 4 and later find t by integra- 
(p-a) (p—B).. 


t 
tion, that is: i= 1; at 
0 


When two or more roots are equal, the simplest way 
is to assume that they differ slightly in which case the 


Expansion Theorem can be applied. The correct 
answer is later obtained by finding the value of these 
expressions in ¢ as the roots approach equality, or 
else working out suitable new operators, as will be 
shown below. 

Consider the circuit shown in Fig. 10, consisting 
of a resistance, inductance, and condenser in series. 
Then obviously the operational solution for the cur- 
rent is: 


E 


= 4 (21) 
+ pL+— 
r PC 
r 
E L 
C 
Fig. 10 


If the equation is left in its present form 


Y(p)=1 


l 
Eip) SERRE 
Thus Zp) =0 gives 


pr=-atio\ henL a 
E when =y > a7 
where 
lees ee r= 2 m? 
ame) a — CL a Nee 
` HW = Ww 1f wo= mc 
LC 
Z 
A EA 
dp pC 
dz 1 ?LC— 
a a a 
dp pC pC 
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dZ 
P ey for p= pı then becomes + 2jwL 
and 


dZ 
P a for p= p: becomes — 2jwL 


_ = 79i) E 
i= E| ——— —-—— J = — 
2jwL 2j0L 

— al 


€ 
= E — sin wt 
wL 


I h 
t is readily proved that if — ~ 7 S 7 Z then 

— at 

1 = & — sinh Bt 
where 
- if Pod 
41? CL 
TI f l roots, that hed ee As 
1e case of equal roots, that is, whe CL ait 


these approach equality, w approaches zero, thus 
sin wt approaches wt 
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But we could have obtained the same relation in 
another way. Equation (21) might also be written 


i UE 
— rpC+p?CL+1 
OT i= _ pce q = o ÞE _ 
cL(p+ž p+) L(#+7o+—) 
PEL ECL po GL 
_ ŻE 
L(p+a)? 
The question then, is, what is the meaning of 
E 4 4? 
L (pta) 
Note that 
@ PP 
dapta (p+a)? 
p Si 
but —— 41 = 
u Pra 
d Be a x fe ™ 
dapta 
p — at 
4 =t 
(Pta À 
and 1=—te ™ 


In the example calculated above which gave a 
pair of conjugate roots the calculation was not very 
laborious. This was largely due to the fact that Y,,) 
was unity. This is, of course, not always the case. 


PART VIII: SIMPLIFICATION WHICH CAN BE MADE WHEN THE ROOTS ARE CONJUGATES 


the operational equation may be 


Yog Yip) 
Lip) p’+aip +b 


which under certain conditions give two roots, 


In general, 
written: 
1 = E ——= 


— @+7). 
It can easily be proved that when the roots of 


Z.p,=0 are conjugates, p <, for p=pı and for 
P 


p= p2, must also be conjugate, and so also the two 
values of Yp. And finally the two expressions of 
l, are conjugates. 

dp 

Let the complex expression of 


Yip . 
— for p= —a+jw 
17 p J 


P dp 
be A=c+ye, or A=Ae’, where A=7/c?+c,2 and 


tané=-!. Then the corresponding relation for 


C 
p=pfr=—a—jw is B=c—jo, or B=Ac™. 


Therefore the two terms under the summation sign 
become 
Aerie Teti» ‘4 Ae =e (~a—~jw)it 


Ag ~ [E AT ET] 


=2Ae—™ cos (wt+5) 


725 [Keaen sod (wt +8) | (22) 
Z (0) 


This method will be demonstrated below. 


Find the voltage consumed by the inductance L in 
Fig. 10 after the switch is closed. 


We have 1 ==. PA 
ua 
=pLi= 1 _4- _ PEt 
a caer P+prtw? 
pE 


7 Pp +2apt+w 
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— 1 
Z= Ogives p = -a +jwwherew = V w? — aandw? =r 


dZ RE A 
— = 2 (pte)... p—=2p (p+a) 
dp dp 
and 
Yo P 
dZ 2(pt+a) 
dp 
For p= —a-+jw this becomes 
—atyjw _ ~atjw_7at+w 
2 (—a+jw+ a) 2jw 2w 
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2 
ee va to |ô where tan ô= 
. 2w @) 
or hoe 
` 2w 
: Yo) | Wo -a 
< &=E [2 +—e™ “cos (w+) | 
Z (0) Ww 
but 
Yoo 
Zo) 
bis eq=E 2." cos (wt+ô). 
Ww 
For t=0, 


Wo Wo U) 
e=E— co sé=E— —=E. 
U) U) Wo 


PART IX: PROBLEM INVOLVING MUTUAL INDUCTANCE 


Fig. 11 is a diagram of two circuits having mutual 
inductance for which the conventional relation is of 
course, 


asintL + = f iatu 


0=intL + : = J i: dt-+ MS 
Thus under Heaviside conditions 


E4=1 (r++ ) +ipM = 1a, t tb 


O=12 (rt pLat ) +7pM =tr:a: 41b. 


tıb 
From the latter equation i= — 2 
Qe 
2 Ts b2 
aeien E j, (are ©) 
a2 a2 
-e Fas 
y= 
did? — b? 
; Eb 
and 12 = — 
Q1Q2,— b? 


In these equations 


aii 


aart plat 


b=pM 
Special Case 
The condensers are omitted in each circuit. 
E=500 volts r,= 100 ohms 
£,=0.4 henrys L= 0.1 henrys 


M =0.6V/ Lila =0.12 henrys 


r= 20 ohms 


Verify that the operational solution for the primary 
current is: 
20+0.1 p 
2000+18 p+0.256 p? 


and that when the Expansion Theorem has been 
applied 


i, =5 [ 1—0.412 e7138! — 0.6 €~6*'] 


The secondary current is: i = — 5.5 [e7138 — e7583] 
M u c m2 be 
BA 
Fig. 11 
Problem 


If instead of applying a storage battery of 500 
volts to the primary circuit a 60-cycle alternator with 
the same maximum voltage were used, and if it so 
happened that the switch were closed at the instant 
when the e.m.f. wave passed through its zero value, 
the voltage wave would be 500 sin 377t. 


The operational equation for the primary current 
would then be: 


i = 500 3t7 p 20+0.1 p 
i p? +377? ` 2000+18 p+0.0256 p? 


and the numerical value after the Expansion Theorem 
is applied would be: 


i1 = 3.06 sin (wt —41.3°) +0.66 «713S! +1.365 «755! 


v 


HEAVISIDE’S OPERATIONAL CALCULUS 


PART X: THE EFFECT OF SUDDENLY CHANGING THE E.M.F. IN A SYSTEM OR OF SHORT- 
CIRCUITING A NETWORK 


Originally switch sı in Fig. 12 is open and s 
closed. 


At t=0 switch s, is closed when a current 


jo 4 


= Ey [i-e] 
r+pL r 


flows in the circuit. 


E2 


S1 S2 r 
E1 


Fig. 12 


At t=t, switch se is opened which introduces an 
additional voltage E. This voltage causes a current 


= Es -2[1-<i'] 
r+pL r 


to flow which is superimposed on 1, and begins of 
course at t=). 

If E, is equal but opposite to E, then ts is negative 
as shown by the dotted line in Fig. 13 and the result- 
ant current is Shown by the heavy line. 


Ey 
Up to time #, the current is ai-e t|; after . 
r 


that ?#, it is = [i-e] — = [i-e], 
r r 


Obviously after t= tł there is no battery e.m.f. in the 
circuit, so that the circuit is short-circuited upon 
itself. 


Special Case 
If the short-circuit takes place some time after 
the battery has been connected so that the system 


has reached steady state, then the current due to the 


gi Y 
original e.m.f. is E —® 
(0) 


and the current due to the fictitious negative voltage is 


Y Y 
-E * (0) Ee (p) ef! 
E Z (0) p dZ 15) 
dp 


where ¢ is counted from the time of short-circuit. 
Therefore the current after the short-circuit is the 
sum of these two or 


>> Yip) ef 
AZ (p) 
dp 


Ec 


Fig. 14 


The rule is therefore: Write out the operational solu- 
tion covering the initial condition (the starting 
condition), solve this equation by the Expansion 
Theorem, omit the constant term, and reverse the 
sign before the summation term. 

In this particular circuit it is easily seen that after 


sent tothe, can. ee Hoa : 
the short-circuit i= — ez’ but E is the current that 
r r 


existed when the short-circuit took place. Thus the 
original current dies down according to the exponen- 
tial law. 


e 


Another Example 

Find the discharge current of a condenser initially 
charged to a potential difference E, from a battery of 
voltage E in the circuit represented in Fig. 14. 


ee ae (23) 


Find the voltage across the condenser after the 
discharge has begun. 


MEER S —_ fi gg 


1 
Elri 
pC(r+p E 


where the transient term alone is used after the solu- 
tion from the Expansion Theorem has been found. 

At first glance Equation (23) certainiy seems 
strange. It contains E,4 yet we know that the voltage 
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of the condenser is going to decrease most likely Equation (24) may be written 
through oscillations until it becomes zero. It is far . 
i F 
from a unit function. — 
It must be remembered that Equation (23) was not c= M 
derived under any assumptions of a steady condenser +p Í A k 
voltage. It happened to come out that way through M M 


mathematical reasoning. 


It is interesting to note that in the case of a dis- 7 = 6's) eg ek E 
na (p) =U gives p Me 
charge of a condenser, the current is identical to the 2M 4 M 
original charging current except for reversed direction. 
Other Examples 
The oscillations in mechanical systems are similar 
to those in electric circuits. When dealing with springs 
of negligible mass compared with the mass of the 
moving body, and when the frictional force is pro- 
portional to the velocity, the equations become 
identical. 
The dotted line in Fig. 15 is the position of equilib- 
rium. A force has been applied to the mass so that it 
k P 
If the constants are such that — > 
M 4M? 
then p=—-a ju, where wees, 
Fig. 15 2M 
oe ~Voe—e 2 $ 
has been displaced a distance xo. Find the position w= V wy’ — a? and wo? = M 


of the mass when the force is suddenly removed. 


dZ ° 
Let the friction force be fv -/2 ap =2p+2a=2(p+a), 
Let the force necessary to compress = kx | dZ F 
l dèx thus p— =2p(pt+a) Yo- — 
The force necessary to accelerate the mass is = M an dp M 
Then if a steady force F is applied to bring the mass -Yo = es 
to position xo the following relation exists: dZ 2pM (p+a) 
dx dx 
F = M — — + kx 
dt? ts dt 
X 
or, with Heaviside’s notation, Tms EA 
F4=M pxt+foxtkx=x (pP M+pf+k) 
y= F 4 (24) Fig. 17 
p’ M+pf+k z m 
(p) . 
If the numerical relations between M, f, and k are = NOR PS O10 E 
= dZ 2Mw(wt+ja) 
suitable, the mass will reach its final position after P is 
a number of oscillations and the final value na ü __ #F (w—ja) = F (—w+ja) 
F ”) 2M w (w+ a?) 2M w ww? 
‘hich ds to p=0 wil —. 
D a k Thus, referring to Part VIII, 
After the force is removed, the motion will be the F Ea 
resultant of two motions: one the original due to = and tan ô= —— 
2M w Wo — Ww 


+F 4 and the other due to —F 4. 


y y Yo e” y ô therefore lies in the second quadrant and 
Thus x= ea | O4y 20) | =E P e (25) 


F 
dp M w Wo 


(0) Z(0) b dZ 


—al 
en € cos (wt+ô) 
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apres a Sd a 
At t=o, x=0. The oscillation begins at x= x, and 
ends in the middle position. 
If the springs are vertical as shown in Fig. 16, the 


equilibrium position would be below the center line 
due to the weight of the disk. 


Problem 
Suppose that a force F greater than the weight 
had originally been applied so that the position of 
the disk were that indicated above the dotted line and 
that the force F had been suddenly removed. Give 
the equation of x, the distance of the disk from the 
center line after the force was removed. In this case 
the following relation holds during the first part of 
the cycle, that is during the time that the mass is 
being raised 
dx 


F-W=M—, 


dx 
Te, + kx 


F—W being the force available for accelerating the 
mass, overcoming the resistance, and compressing 
the spring. 


J. (F-W) 1=x (œ M+fp+k) or 
„- (F-W)1 
PM+fpt+k 
F-W 


(26) 


The final position x= 


PART XI: 
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During the second part of the cycle, that is when 
the external force has been removed and the system 
is free to oscillate under the action of the force of 
gravity alone, we can apply the same reasoning or, 
briefly, we find a new fictitious force F’ and calculate 
xı due to that force, then add to this xo to get the 
answer. F’ must be such that when added to the 
original force F—W the result will be — W. 


| F'+F-W=-W or F’=—F 


eee ee 
pM+pftk 


therefore n= 


The solution of this equation using the Expansion 
Theorem is the sum of a constant term and an ex- 
ponential term. 


It is: 
F Eo” 
=- — cos (wi+ ô 
a k M w wo ( ) 
— at 
senina eee cos (wt + ô) 
k k M w wo 
__W_ Fe “cos (wt+8) 
k M w w 
For t=0, peal i F BE ai 
k M w k 
for t= o, gaa 
k 


The chart would be similar to that shown in Fig. 17 
if F=2W. 


THE EFFECT OF SHORT-CIRCUITING CERTAIN SECTIONS OF A NETWORK AND OF 


INTRODUCING NEW IMPEDANCES BY CLOSING A SWITCH 


Consider as an illustration the circuit in Fig. 18. 
Switch S is closed after the original current is steady; 
find the equation of the current after the switch is 
closed. E 

Before the switch is closed, a steady current I = i 

| in ot | 


Fig. 18 


flows in the circuit and an e.m.f. e= Ir, is consumed 
by resistance rı. The e.m.f. itself is obviously —Jn 
and this e.m.f. exists across the switch blade. After 
the switch is closed there is no e.m.f. across the 
switch blade, so that closing the switch is equivalent 
to adding suddenly at the switch an em.f.+/n. 
The sum of the e.m.f. across the switch blade is there- 
fore zero. 


This e.m.f.+J7r,4 causes a certain current to flow 
in the circuit so that the acutal current after the 
switch is closed is the algebraic sum of the original 
current and the transient current due to an e.m.f. 
Ir,4 at the switch. 


Fig. 19 


It is advantageous to redraw the diagram as shown 
in Fig. 19 (the resistance of the original battery is 
assumed as zero). 


The transient current in circuit r+ pL is 


j= 1n 1- [i-e] 
r+pL r 
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The original current was J and was in the same direc- 
tion as the transient. Thus the total current is 


i= 1412 [i-e] 
; r 


At the moment that the switch closes, t=0, the cur- 
rent begins at its original value and then rises to a 


final value E at t= œ, 
r 


In the other branch, the transient current due to 


e.m.f. J7; rises at once to I Gey and this current 
ri 


flows as seen in the diagram in opposite direction 
to that originally in the resistance. Therefore the 
current in 7; falls at once to zero after the switch is 
closed. | 


Fig. 20 


Fig. 20 illustrates a similar case where in closing a 
switch the constants of the circuit are changed. The 
method of solving the problem is practically the same 
in the previous case. A fictitious e.m.f. is introduced 
between the switch blades, the value of which is the 
e.m.f. consumed in the shunted branch just prior 
to closing the switch. This fictitious e.m.f. causes 
currents to flow in the network and these currents 
added to the original currents give the actual 
current. 


Fig. 21 is Fig. 20 redrawn for convenience of 
analysis. 


Problem 

Find current t after the switch is closed. Com- 
paring the diagrams, it is readily seen that current 2 
is the current in resistance 72. 


The resistance operator for the entire circuit, 
Fig. 21, is 


.= pa Ae 
pC ntr 
Ir 


The total transient current, îe = — 
z 
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This current divides through the two resistances 
so that 


Ti . 
= to 
rı +r 
._ Ir pC (rı+ra) 
h= — —— 
ritro pCrs(m+re) Hritra+pCrr: 
Ir? pC 


7 ritret pC (nretrirstrers) 


and the actual current t is the sum of the original and 
this transient. 
That 1s: 


j= [1+ 
rite 


The first term is simply 


pCr;? 4 
nNtret pC (rre+rirst rers) 


. The second may be 


rite 


2=Ir,1 


Fig. 21 
solved either from the operator directly or by the Ex- 


pansion Theorem. The second term may be written 


Ap 
B+Dp 


A p 
1= — ——1 
Dpt+ea 


where = — 


Ap 
B+Dp 
= Cr;? Z 
C (riret+rirs+rers) 


or 


— qal 


1= 


2 
Ti ___— "+r: t 
[+ -- € rr:+rritry ] 
rı +r Tirat rirs + rors 


For t=0 
E (ri +73) 
rire rir + rars 
For {= œ 
E 
rır 


i= 


PART XII: THE EFFECT OF SUDDENLY CHANGING THE CIRCUIT CONSTANTS BY OPENING A SWITCH 


Referring to Fig. 22, assume that the circuit has 
reached its permanent condition before switch S is 
opened. Before the switch is opened a steady current 
I flows through the switch. After the switch is opened 
zero current flows through the switch. 

If, therefore, we substitute for the mechanical open- 


ing of the switch a certain peculiar e.m.f. in the switch, 
which at all times after t=0 gives a steady current — J, 
we have accomplished the same result. Fig. 22 might 
advantageously be redrawn, as shown in Fig. 23. 
The current caused by the peculiar e.m.f. divides 
in the two circuits in parallel, so that the current 
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1; in r; and the total current — I are related as the 
admittances. 


| 


mn r+pL 


RA r+pL 
fn EEN toni 
r+rı+ pL 
Note that unit function 4 is inserted. This is 
evident because the original current in the switch was 


steady and was +7. In order that the current shall 
be zero, — I must have unit shape. 


YS 


(—I)4 


Fig. 22 


cake E 
In this particular case the initial current I ==, so 
r 


that the current flowing in the circuit is 


ee nn R 
rrtni+tpLl 
E 


For t=0 y= 
the minus sign showing that the current in 7 is 
in opposite direction to the current J, thus forms the 
return current after the switch is opened. 

The solution of the equation is easily found to be 


r+r 
i= — d [rtn e L ] 
r+r 


This is the total current flowing, because before 
the switch was opened there was no current in rı. 


2=f(t) 


Fig. 23 


If the switch had been shunted by a condenser, as 
in Fig. 24, the following relation is at once apparent: 


te pC 
—I 1 

C 

á EL 
__E pC (r+pl) 


= | (27) 
rrpC+pCL+l1 

An interesting problem is the so-called buzzer 
excitation used with wave meters in a fundamental 
circuit such as shown in Fig. 25. Here the equation 
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of the current after the magnet has opened the circuit 
is obviously the same as in the above case. 

Solution of (27) by the Expansion Theorem. 
The expression is really the sum of the two following 
terms: 


pA PB, 


—_______—_ and —— 4 
PP+2apt+w? P+ 2apt+u 
in which Aaa see 
TOL L 
ECL E 
and 1 = — = _— 
rCL r 
Let pas al and wo =— 
DL L 
Fig. 24 
In both cases Z,,)=0 gives p= —a@+*jw when oscilla- 


2 
tion conditions prevail {that is when as > È) and 
CL 4L 


Ww? =W — a?, 


dZ 
p — =2p (p+ a) 
dp 
Yo es ae for the first term 
dZ 2(p+a) 
dp 
and PE oie for the second. 
2 (p+w) 
Yp ; A, Ay 
Thus for p= p = —atjw = — = —/) — for th 
Pa AE a a 


dp 


first term and -= (w+ja) for the second. 
W 


Fig. 25 


Referring then to Equation (22), in Part VIII: 


2 
A for the first term is= [0+ eA eos 
4w? 2w 2Lw 
and A for the second term is A wet a? = _E w 
20) 2 rw 
For the first term cot ô= or ô= — 90° 
1 
2u) 


for the second term tan pas: 
W) 
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Yo in both cases is zero, therefore 
(0) 
t. = — a e7 ™ cos (wt—90°) -Ë 20 T cos (wi+¢) 
Lw rw 
where tan ¢= = 
W) 
se E a 
r 
where tan ¢@; = = 
Q 
PART XIII: 
Heaviside writes, on page 294, Vol. IT, 
f(p) u = f(pta) u (28) 
Yoo) 


where f(p) is a function of p, usually written 

(p) 
and u is some function of ¢. It may, for instance, be 
sin (wt+qa) or merely the unit function 7, depending 
upon the problem. 


Proof 
First let f(p) be p. Then the left-hand side of 
Equation (28) becomes 


p(u e)= © (u e) = ae +au 


se [> +x | =e" (p+a) u 


which satisfies the right-hand member of Equation 
(28). 3 


Similarly 
p” (ue) =e" (p+a)" u 


It is seen that Equation (28) holds for f (p) =p”. 
It will therefore hold for any function of p which can 
be expanded in a power series. It can be easily shown 


that the rule also applies for z 
14 


To illustrate the use of this relation, assume that 
when switch S is closed in Fig. 26 a voltage E «~™ 
is applied to the inductive circuit. Find the voltage 
consumed by the inductance. 

If unit e.m.f. had been impressed, 


r+pL 
and PEEN ope L E A 4, where aes, 
r+pL pra L 
p 
Put f(p) = — 
p pta 
and u=E «7 4 
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For t=0 


The condenser current is the entire original current 
at t=0. It forms its return. 


In solving this problem two following useful 
operators have been obtained: 
Ap 
P?+2ap+ we 


Byp* 
p+2apturdr ` 


HEAVISIDE’S “SHIFTING” 


then P should operate on Ee~™ 4 
+a 


p 


or E A T aE (29) 
pta 

But we do not always know how to operate on a 

function of # and therefore some transformation 

frequently must be made. The theorem given above 

says that e~™ can be shifted outside of the operator 


p is changed to p—§. 


if, in f(p), that is 2, 
pta 


C e= E T. Ea =E et Ley g 


p—Bta Zip) 
S 
-Bt r 
EE C 
L 
Fig. 26 


7 
A (by the use of the Expansion Theorem) 
(p) 


i e; = E [a eB eo 


(30) 


As a matter of fact in this simple case this transforma- 
tion was not necessary, because it is known that 


(E 7%) 4 in Equation (29) can be written E ae | 
p+B 


Therefore the solution with every term in p is 


fae ck ER 
' (pt+a) (p+) 
which could have been solved by the Expansion 


Theorem, and would have given the solution shown 
in Equation (30). 
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The shifting operation of course works both ways 
and sometimes it is an advantage to reverse the 
operation. Thus assume that we have an equation 


(31) 
p— a 
This could be written 
eT et P 4 (32) 
p— a 
e+” can be shifted to the right, that is back of a new 
operator, if, in the new operator, p is changed to 


p—B. 


Then Equation (32) becomes 


eh. PAE cett) (33) 
p—B-—a@ 
Since &4= eed 4, Equation (31) becomes 
p= 
a” 28 P qae? 
p—B—a p—-B p—B-—a@ 
Thus _P gag? 4, and (34) 
p—a p-a— 
for B=a L q=" (35) 
p—a p— 2a 


Note that in shifting to the left we retain the sign 
of the exponential, while in shifting to the right 
we reverse it, 


Thus 
Pig ta 2 gaa 
TF pra-—a@ p 
=e“ (1-2)1= a*a- a (36) 
4 
and e7 P _ pta (€ =at _ pta Š pP 
p+a p+2a  p+2a p+a 
=P 1=1 (37) 
pt+2a 
l q=“ tala zp 1 (e+ 1) 
Zip) Lip) Z(p—a) 
=e ™ Ms ory eh 4 (38) 
Z(p—a) p—a 
1 , 
For — = we get from Equation (38) 
Zip) T 
p q=" p— a i p 
Vpta Vp-ata p-a 
et 
= p41=-+ 4 (39) 


V rt 


This relation is explained in Part XXIII. 
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Thus 
os t= fs 
Vpt+ea oy rt 
P 2at (2at)? 
=9 e . 4 
Ne (1+ E pA han ) (40) 


Another Example 
A certain problem gives the following operational 


solution: 
= P | 
ý V pt2a 


Find the numerical value of y. 
The general method outlined in Part I would be to 
write 


(41) 


and then to expand 


(3) 


in an infinite series; thus 


y= (1-3 G o rag (=) a ) 1 
=(1- at + ==" a TA E K 


Equation (41) may be written 


r= (alae) re a) 


Now shift e” to the right and change operator 
Substituting for p, p— a 


ae on (ee) (e+ 4) 


=e u(P-8 )’ P q=" P? 4 
ptal p—a (p+ a) (p-a) 
— al Pp 


= — nm 15 0T —__—___ (43) 
(p — a)? (1-2) 
r” 
This gives 
seg SEEM TEE.) 
= Peat 2-4 pt 246p 1 
-osal lær? 13a 13-5a't ] 
g [i+ a taa aitoae ot Ud’ 
a at\4 at\s 
Gl Aa) A) 
-- 


a], 


1 2 


= e” Joliat) 4 
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Jo (tat) is the Bessel function of the Oth order with 
the imaginary argument tat. Heaviside uses the 
notation I (at). 

In order to illustrate a point that may cause some 
confusion, another example will be given. 

Consider an inductive circuit to which is applied 
a voltage E e~™ cos wt at t=0. The conventional 
relation would then be: 


E e~™ cos w= ir tL =1(r+pL) 


2 
It has been shown in Part VI that cos wt= P 4 
p+ 
2 
thus 1= E ( z e=”) 
r+pL \p?+ 
Bl 


Here we desire to shift «€ ” outside and the rule 
apparently was to do so while at the same time p 
is changed to p—8. 

p? 


PHW 


It must be remembered however that converts 


the cosine wave into a unit function. This feature has 


nothing to do with the resistance operator l 

r+pL 

It is the “resistance operator” on the unit function 

which is to be changed, obviously not the unit function 

itself. Thus we write 

-a l . Ë” q4 
r+L(p—B) pe+o* 


The procedure is then to solve for 
; 1 p’ 
1; = ————— + — 1 
r+L(p—6) pHa 
and then multiply the result by E e~™ to get i. 
Referring to Equation (37) Z ,,=0 gives three 


t=E € 


roots pi=B——, p2=+jw, and p= —jw so that 


=Å e-i) +B i” 4+C eo 
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The last two terms combine to the permanent term 
as described in Part VI. The coefficient for the 


Yip) 
p h (p) hi’ (p) 
ho(p) = p*+w*, and hi=r—L8+pL, and Yip =p? 


remaining term is for p=pı where 


Aes as Sa 
pL(p?+w*) L+) 


B- - 
For p= pitina oun 


TOPEA 


The permanent term of 1; corresponds to an imped- 
ance (r—BL+jwL) or 


_ 8B L—-r 
(8L—r)? +a? L? 


r 
2 


Z=V(r=6L) +W? L? 


E(BL—r) ei)! 


. E 
y= t—6 
i 7 cos (wt —ô) + (Lon? hor Lt 


wl 
r—BL 


where tan 6= 


he r—BL ely 


Therefore 1= cos (wt—ô)— E Ei €e L 


= [e cos (wt— ô) — eT! cos J 


The same result could of course have been obtained 
without ‘‘shifting’’ by the use of the operator for 
e ™ cos wt given in Part VI. In that case the opera- 


tional solution 1s: 


_ plptsB) 1 


~ (pB +o r+pL 


(To be continued) 
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Floodlighting in Christ Church Cathedral 


By I. E. COX 
St. Louis Office, General Electric Company 


HE sculptured altar and reredos of Christ 
Church Cathedral in St. Louis have been success- 
fully illuminated with floodlighting projectors. 
The reredos is thirty-five feet, seven inches high 
from the floor level to the tip of the central spire, and 
weighs 160 tons. The altar and reredos are made of 
Caen stone, an odlitic limestone of such purity that it 
is light cream in color and practically flawless. 
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Christ Church Cathedral, St. Louis (Mo.) 


This stone was obtained from the ancient subter- 
ranean quarries situated near the city of Caen in 
Normandy (France), the birthplace of William the 
Conqueror. It has been quarried continuously since 
the days of the ancient Romans who learned its char- 
acteristics from the natives. When quarried it is soft, 
similar to soapstone, but on exposure it hardens until 
it is as hard as limestone, as we know it. It is therefore 
a very desirable material for sculpturing, and has been 
used for this purpose widely in Europe and especially 
in England. 


The stone after being selected and quarried was 
shipped to the sculptor’s studio in Exeter (England), 
and after being cut was shipped to St. Louis (Mo.), 
in 230 pieces. It was erected, a process requiring four 
months, and dedicated in 1911. 

This old Cathedral is in the heart of the city and 
buildings have sprung up around it, cutting off what 
little light was thrown on the reredos and altar. A 


Altar and Reredos as Illuminated by Floodlights 


lighting arrangement using a row of 146 60-watt 
lamps with reflectors was installed around the inside 
of the sanctuary arch. This required about 8.76 kw. 
of energy, but failed to illuminate the altar properly. 
The equipment was then replaced by four Form L20 
General Electric floodlight projectors equipped with 
200-watt lamps. Far better illumination has thus been 
secured with but one-eleventh the former energy con- 
sumption. The lenses selected are stippled glass which 
give a soft diffused light in keeping with the sacred 
feeling which this old church inspires. 
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erating plant in Shanghai.) 


Protective Apparatus 


ASEA eee of Differential Protection for Generators. 
. Herlitz. 
ASEA-Jour., Dec., 1927; v. 4, pp. 165-166. 
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Elec. Wid., Dec. 24, 1927; v. 90, pp. 1301-1304. 
1927 Report of Committee on Street Lighting, Illuminat- 
ing Engineering Society. 
Illum. Engng. Soc. Trans., Dec., 1927; v. 22, pp. 1071- 
1111. 


Substations 
Largest Mercury-Arc Rectifier Installation Made at 
Bridgeport. 
Elec. Rwy. Jour., Dec. 24, 1927; v. 70, pp. 1144-1147. 
(Illustrated description of two railway substations of 
the Connecticut Co.) 


Switches and Switchgear 


Automatic Equipment for Reclosing and Sectionalizing. A. 
E. Anderson. 
Engng. & Min. Jour., Dec. 17, 1927; v. 124, pp. 974-978. 
(Serial.) 


Voltage Regulation 


Voltage Control by Induction Regulators. 
Wid. Power, Jan., 1928; v. 9, pp. 63-67. 


NEW BOOKS 
(These and other Technical Books may be purchased through the Circulation Dept. of the GENERAL ELECTRIC REVIEW.) 


A. S. T. M. Tentative Standards, 1927. 824 pp., 1927, Phila., 
Amer. Soc. for Testing Materials. 
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Chemical Catalog Co. 
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(As used in this work, the term “thermionic phenomena” 
is intended to denote the phenomena of electrical 
conductivity exhibited in the neighborhood of sub- 
stances at elevated temperatures. The author tells us 
that, though these phenomena have been recognized 
for many years, our knowledge of the subject is by no 
means complete. It is the function of this little book 
to assemble in one place the more important facts of 
thermionic emission as we now know them. To this 
end the author gives us chapters on the theory and 
experimental results of electron emission in a vacuum; 
on velocity distribution, energy exchange and satura- 
tion curves of electron emission; on the emission of 
ions by heated salts; and on various applications of 
thermionic phenomena to the measurement of high 
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222 pp., 1928, Berlin, Julius Springer. 

(This German text dealing with the fundamental prin- 
ciples of high-tension, long-distance, alternating-current 
transmission is the outcome of the author’s experiences 
in designing the first German 220-kv. line. The treat- 
ment is primarily graphical, the author reviewing some 
of the better-known earlier graphic solutions and pre- 
senting several new ones. A chapter of some twenty 
pages is devoted to actual examples of the applications 
of the author's methods to transmission line design. 
Supplementary sections present various constants and 
summarize the formulas discussed in the text proper. 
A brief list of bibliographic references is appended.) 
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A Partial List of 
G-E Oil Circuit Breakers 


Current- 
Type | Voltages | Carrying 
Capacities 
INDUSTRIAL TYPES | 
P-115 110 to 550 50 
FP-110 110 to 550 | 50 
FK-20 2500 60 to 300 
MANHOLE AND POLE TYPES 
FP-104 7500 200 
FP-7 | 4500 to 15000 100 to 200 
FKO-37 15000 to 37000 400 to 600 
SWITCHBOARD TYPES 
FK-13 3300 200 
FK-5 600 to 7500 200 to 800 
FK-35and35Y| 600to 7500 400 to 800 
FK-12 15000 300 to 800 
FK-12B 4500 1500 
FK-132AandB]| 7500 to 15000 400 to 1200 
FK-32C 7500 to 15000 600 to 1200 
STATION TYPES l) ! 
FK-34A 2000 7 
FK-25 6v0 to 2500 | 3000 to 5000 
FK-53B 15000 to 25000 400 to 2000 
K-54 0 600 to 1600 
FH-103, 203 7500 to 35000 500 to 2000 
FH-206, 209 7500 to 35000 500 to 4000 
FHD-17 15000 600 to 5000 
FHD-21 15000 600 to 4000 
FK-230A 15000 to 25000 600 to 3000 
FHK-230B 15000 to 37000 600 to 3000 
FK(0O)-136A 25000 to 110000 400 and 800 
FEO -236A |15000 400 and 800 
FK(O)-139A 15000 to 154000 600 to 1200 
PRE(0)-130B 7500 to 154000 600 to 1200 
FHK(O)-139C [15000 to 220000 | 600 to 2000 
There’s a G-E breaker for 
every application 
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Your purchase of G-E oil al 
circuit breakers is assurance ; 
of a permanent source of re- 
newal parts and the services 
of a nationwide organization 
of specialists. For complete 
descriptive information on the 
new Type FK-139 oil circuit 
breakers, ask the nearest G-E 
office for copies of GEA-925 a 
and GEA-926. 
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AND NOW 100 PER CENT AUTOMATIC STREET RAILWAY POWER SUPPLY 


Only a short retracing of memory is needed to recall 
the time when a small group of adventurers in engi- 
neering discovered how to make a synchronous con- 
verter operate automatically. At that time it seemed 
almost incredible that the duties of a trained 
operator could possibly be performed by inani- 
mate electrical devices of copper and iron fashioned 
into odd shapes and sizes. Was it indeed not 
asking too much of Nature’s tools to furnish a substi- 
tute for man’s ability to watch, to reason from his 
observation and experience, and then to do the proper 
thing that is so essential to the successful operation 
of costly electrical apparatus serving important pub- 
lic requirements? 

The first automatic station—which by chance 
served an electric railway—was eminently successful; 
and since then there has been no interruption in the 
steady growth of automatic applications to synchro- 
nous converters and condensers, motor-generator sets 
and waterwheel generators of all sizes and voltages. 

Initially, the motive behind automatic operation 
was mainly that of economy, for the elimination of the 
labor charges of station operators represented a poten- 
tial saving of proportionally large amount. If the 
annual capital charges and maintenance of the addi- 
tional apparatus necessary for automatic operation 
amounted to less than the labor charges for attendants 
under corresponding manual operation, an economical 
installation investment for automatic equipment was 
evident. The problem in this respect was relatively 
simple and rather clear-cut, with the result that 
utilities quickly took advantage of this new means to 
meet increasing labor costs. 

Often the application of a new idea for a certain 
purpose afterward reveals additional advantages of 
an unexpected character. These secondary advantages 
may even assume an importance equal to or greater 
than the primary benefit. In this respect automatic 
operation of synchronous machines was no exception, 
as revealed by an investigation which shows that the 
all-around reliability secured by the elimination of the 
human element, with its uncertainty and inability to 


furnish unfailing protection to the station equipment. 


under all operating conditions, is considered to be of 
importance comparable to the saving of wages by 
automatic operation. 

Concurrent with the growth of automatic applica- 
tions, and prompted by them, there have been de- 
veloped the supervisory control and telemetering sys- 
tems for operating in conjunction with non-attendant 


stations. Formerly, the remote supervision of electri- 
cal apparatus was accomplished through multiple- 
control circuits, and for short distances the invest- 
ment cost of this scheme was entirely reasonable. 
However, when stations were installed over extended 
areas, and it became desirable to enable a centralized 
dispatcher to exercise direct control over each station 
and also receive indications from many of their 
devices, such as rotating machines, incoming-line . 
and distribution-feeder switches and meters, the use 
of multiple remote-control circuits became prohibi- 
tively costly. ) 

Modern supervisory and telemetering equipment 
by means of simple devices and relatively few control 
wires to each station permits a system dispatcher to 
exercise immediate control over each important piece 
of operating equipment on the system and it further- 
more keeps him advised as to what is happening in 
each station. Indications as to whether the station 
door is locked is an example of the degree to which he 
may be kept informed of the conditions under his 
jurisdiction. i 

In Mr. Peters’ article in this issue will be found a 
full description of a notable automatic installation 
now being completed by the Cincinnati Street Railway 
Company. Every station, nineteen in all, is an inde- 
pendent automatic substation capable of functioning 
in accordance with its load requirements without at- 
tendants or external supervision. By means of super- 
visory control, however, the system dispatcher can 
quickly assume control over any or all stations and 
then can release control back to automatic operation 
when desirable. In addition, the dispatcher has con- 
tinuous indication of the status of the equipment in 
each station as well as curve-drawing and indicating 
meter readings brought to him from each station by 
the remote-indicating system. 

The Cincinnati Street Railway in its commendable 
desire to furnish superior transportation is now com- 
pleting an extensive program of rehabilitation that 
includes motive equipment, track, shops, and power 
supply. Deliberate study has been made of each 
branch of operation for the purpose of securing the 
maximum reliability, speed, and operating economy. 
Only that has been accepted which will contribute to 
giving its patrons the most effective and modern 
transportation service. The decision of the executives 
of this important Railway to make their power sup- 
ply system completely automatic is surely a tribute to 
the present development of automatic operation. 
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Protection of Station Equipment on High- 
voltage Transmission Lines 


Analysis of Stress Caused by Impulse Voltage— Relationship of Insulator Flashover to 
Protection— Operating Characteristics and Location of Arrester 


By K. B. MCEACHRON 
Lightning Arrester Engineering Dept., Pittsfield Works, General Electric Company 


O obtain a proper under- 

standing of the principles 

underlying the protection of 
transmission line terminal appa- 
ratus from the effects of transient 
overvoltages it is necessary to 
consider the three major elements 
of the problem, viz., the nature of 
the overvoltage, the character- 
istics of the insulation being pro- 
tected, and the arrester itself. 


THE IMPULSE 
Overvoltages Due to Lightning 

As a result of studies of tran- 
sients on transmission circuits, it 
appears that switching transients ° 
are not usually responsible for dangerously high 
potentials, and therefore this article will be confined 
entirely to the transients that appear as a result of 
lightning storms, although the same general princi- 
ples apply to waves caused by switching. 

It is recognized that transient overvoltages on lines 
may appear as the result of electrostatic induction, 
in which case the lightning does not strike the line, 
or the direct stroke in which either the main flash or 
perhaps a side flash terminates on the conductor. 

Of these two the direct stroke is more dangerous 
only if it occurs at points where apparatus is located, 
as the potential is higher and the wave front probably 
steeper and the duration may be greater than for the 
induced transient. If however the direct stroke occurs 
out on the line at sufficient distance from apparatus 
so that the wave is cut off by the flashover of an in- 
sulator string, then the direct stroke may be less 
dangerous to terminal apparatus than the induced 
transient of lower potential. This statement may 
seem paradoxical, but it is nevertheless true as will 
be shown later. 

The maximum induced potential has been esti- 
mated to be 100 kv. per foot of height of con- 
ductor. It has been demonstrated during the light- 
ning seasons of 1926-1927 that voltages high enough 
to flash over 14 disks of line insulation can appear on 
transmission circuits during a lightning storm. The 
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(Riy donegraph Surge Investigations," by J. H. Cox, P. H. McAuley, 
and L. Gale Huggins, A.L.E.E. Journal, May, 1927. 
3) Lightning.” by F. W. Peek, Jr., Journal Franklin Institute, Jan, 1924. 


Difficulty is frequently expe- 
rienced in interpreting the effects 
of transient voltages on transmis- 
sion lines and apparatus. 


article 1s written in the altempt 
to remove at least some of the 
mystery surrounding such occur- 


rences. Much of the information 
contained has resulted from the 
use of the cathode-ray oscillo- 
graph. An article describing a 
new cathode-ray oscillograph will 
appear in a forthcoming issue of 
this magazine.—EDITOR 


records taken at the time indi- 
cated potentials of 1800 to 2000 
kv., which gives a gradient of at 
least 40 kv. per foot since the 
average height of the line was 
50 ft.; but whether these val- 
ues represent direct or induced 
voltages is not definitely known. 
The actual induced potential 
attained in any given case will 
depend on the height of line, the 
change of the potential gradient 
as the result of the lightning 
flash, and the time required for 
the change in gradient to be com- 
pleted. If the discharging cloud 
is immediately overhead and the 
time to discharge it sufficiently short, the potential 
under the middle of the cloud will be equal to the 
change in gradient times the height. That the time 
of discharge is important will be understood when it 
is remembered that as soon as a change in field takes 
place, no matter how small, the induced potential 
will begin to move out along the line in both direc- 
tions, from under the cloud, and unless the cloud 
discharges faster than the released charge can run 
along the line no high potentials will be built up on 
the conductor under the cloud. 

The maximum potential which may reach appa- 
ratus depends not only on the maximum potential 
induced but also on the location of apparatus with 
respect to the point of induction. This condition is 
shown in Figs. 1 and 2 where perpendicular waves 
are used to illustrate the principles involved. (In prac- 
tice, absolutely perpendicular wave fronts do not 
occur but the sloping wave fronts can be resolved into 
a series of perpendicular fronts for the purposes of 
calculation.) 

Assume that an electrostatic charge has just been 
released having a maximum potential of E and a 
length of 5000 ft., Fig. la. At zero time, all of the 
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a . EC 
energy is in the electrostatic field and is equal to aaa 


tod 


If the distributed electrostatic capacity to earth is 
represented as a series of capacitors connected be- 
tween line and earth, then for 5000 ft. the capacitors 
are charged to E volts and those at points out from 
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under the charge, as at x and y, have zero potential. 
Just as soon as the wave is released, the capacitor at 
w and z discharge into x and y, and since the capaci- 
ties are assumed to be equal the potential drops to 
half and a current flow is established. The next capac- 
itor back of w then discharges into the capacitor 
beyond x, which process is continued on both ends 
of the wave until when one microsecond has elapsed 
the conditions are as shown in Fig. lb. Here a trav- 


eling wave of a volts has moved forward 1000 ft. 


ond 


and a similar wave has traveled backward 1000 ft- 
After 2.5 ms. (microseconds) the potential at the 


midpoint A reaches a value of = volts and immedi- 


ately afterward drops to zero. The waves now sep- 
arate and after 5 ms. of elapsed time are as shown in 
Fig. 1c. The waves are separated by a distance of 
5000 ft. Each wave has a length of 5000 ft. and 


potential of 5" Each wave, since the electromagnetic 


fot 


and electrostatic energies of traveling waves must be 
equal, has one quarter of the original energy in its 
electrostatic field and the same amount in the mag- 
netic field. The current flowing in the conductor is 


equal to = divided by the surge impedance J 5 
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the current decrease. At the open end of a line the 
surge impedance becomes infinity and the voltage 
becomes double and the current zero. If at the end of 
the line the conductor is connected to the earth 
through zero impedance the current becomes double 
and the voltage zero. 

In Fig. 2 is shown the effect on the traveling wave 
of having the induced potential originate at the end 
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Fig. 2a. Zero time 


Fig. 2b. After 1 ms. 
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Fig. 2c. After 5 ms. 


Traveling Wave, in One Direction, Resulting from the 
Release of a Bound Charge at the End of a Line 


Fig. 2. 


of the line. The same reasoning applies here as in 
Fig. 1; and it is to be noted especially that the wave 
becomes twice as long, but has the same potential 


Fig. la. 


Zero Time. 


SS 


Fig. 1c. 


Fig. 1. 


The wave front of current and potential are the same. 
It should be noted that a current flows through the 
earth in the direction opposite to that in the line, and 
that this current represents the current to charge or 
discharge the capacity of the line as the front or the 
tail of the wave passes any given point. 

As a wave travels along a line, its potential will 
increase or decrease depending on the value of the 
surge impedance. If the capacity becomes larger or 
the inductance smaller, the voltage of the surge de- 
creases; or, conversely, if the capacity decreases or 
the inductance increases, the voltage will increase and 


After 5 ms. 


Diagram of Traveling Waves, in Both Directions, Resulting from the 
Release of a Bound Charge on a Transmission Line 


and current as the traveling waves considered in Fig. 1 
although both the electrostatic and electromagnetic 
energies are doubled. 

Assume that apparatus is connected at the point A 
in Fig. 1, while in Fig. 2 it is connected at point B. 
In the first case the time of application of E volts was 
2.5 ms. while in the second case it is twice as long, 
and apparatus which might stand the shorter time 
of application might fail under the longer time of 
application when located at the end of the line. 

It is interesting to note that if either of the waves 
considered in Figs. 1 and 2 traveled to some point k 
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where the line ended and a complete reflection could 
take place, double potential at the point of reflection 
would exist fora length of time equal to the length of 
the wave, which in Fig. 1 is 5 ms. and in Fig. 2 is 10 ms. 

Such traveling waves once started in a line travel 
back and forth, losing a certain amount of energy 
due to the resistance of the conductors together with 
losses in various leakage paths, such as corona, leak- 
age over insulators, etc., until the energy is com- 
pletely dissipated. It is well to keep in mind that, 
while a flashover of an insulator string near a piece of 
apparatus may offer a path of very low resistance to 
ground, energy must be dissipated through resistance 
in the form of heat to absorb the transient. Such low 
impedance to earth might prevent the failure of the 
insulation of the nearby apparatus; but if the resist- 
ance of the arc be taken as zero, the original wave is 
merely sent back out over the transmission circuit 
with reversed polarity. Actually, the resistance of 
the arc is not zero and some energy is expended in 
the arc. This means that the wave is reflected with 
decreased amplitude. 

In practice, perpendicular wave fronts probably 
do not exist, except perhaps in the case of the flash- 
over of a string of insulators when the potential 
across the string may drop from perhaps a million 
or more volts to a low value in the time it takes the 
arc path to change from an infinite resistance to that of 
the arc. Such insulator flashovers give rise to a very 
steep wave of potential traveling back over the trans- 
mission line with reversed polarity. 

Based on the space distribution of potential under 
a cloud, the writer has assumed ®) that at least 5 ms. 
would be required for a traveling wave to reachits crest 
valueif the apparatus being considered were not located 
under the discharging cloud. In case the cloud were 
directly over the apparatus, the maximum potential 
could be reached in approximately one microsecond. ®) 

No estimate is offered for the condition of direct 
stroke as no data are yet available which would de- 
termine this value. It seems likely however, according 
to present theories, that its wave front is likely to be 
shorter than one microsecond. 

It is probable that in practice many kinds of waves 
are actually obtained, with different crest potentials 
and wave fronts and tails. For the induced wave the 
minimum length of front may be taken as one micro- 
second and the length of the tail as 10 ms., or approx- 
imately two miles.“ Longer wave fronts and longer 
tails may be found in service as a result of a longer 
time of discharge than assumed or as a result of the 
influence of other factors. 


Insulator Flashover 
It is well known but not always remembered that 
the flashover of a string of insulators is a function of 


(3)''Time, Voltage, and Current Characteristics of Lightning Arresters,”’ 
by K. B. McEachron, GENERAL ELEctTRIC Review, October, 1926. 
(*) These values are based on a cloud 1000 ft. high and two miles in extent. 
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both time and potential. The shorter the time of 
application, the higher the potential required to cause 
flashover. Such a curve of insulator flashover takes 
a hyperbolic shape and is represented by the curve 
in Fig. 3a. 

Generally the potentials and the time of application 
of lightning voltages to apparatus insulation are 
limited by the flashover value of the line insulation, 
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Fig. 3a. Insulator flashover volt-time curve 


Pes 


Potential 


Fig. 3b. The shaded area represents the part of a traveling wave 
remaining after insulator flashes over on the front of the wave 
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Fig. 3c. Traveling wave that does not reach insulator 
flashover value for several microseconds 
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Fig. 3d. Traveling wave which does not reach 
insulator flashover value 


Fig. 3. Insulator Flashover as a Means of Protection 
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if of sufficient magnitude to be dangerous, although 
the flashover of an insulator does not necessarily mean 
that other apparatus has not been overstressed. Of 
all of the different forms of impulses, at least three 
general types deserve mention. Assume first, as 
illustrated in Fig. 3b, a wave of potential which rises 
to its crest calue in one microsecond but whose crest 
voltage would be considerably above the flashover 
value of the insulator for a one microsecond wave. 
As a result, flashover occurs on the front and the 
impulse is cut off after less than one thousand feet of 
the impulse has passed, in fact this distance might be 
500 ft. or less. This wave representing comparatively 
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little energy passes to the apparatus, where it 
may or may not do any damage. If the various 
capacities to ground of the bus structure, bushings, 
and transformer are sufficient (and they very often 
are), no trouble will be experienced with the apparatus 
from this type of overvoltage wave as the energy of 
the portion of the transient is not sufficient to charge 
the capacity of the apparatus to a dangerous value. 
This type of wave might result from a direct stroke 


far enough from the station so that induced effects 


in the station, caused by the overhead cloud, do not 
alter the situation. Such flashovers of line insulators 
close to the station are known to have taken place 
without damage to station apparatus. 

In Fig. 3c is shown another form of wave which 
"may be responsible for many of the troubles with 
station apparatus. This wave has so low a crest 
potential that the insulator does not flash over for 
several microseconds. In this case the energy of the 
wave passing to the apparatus is considerable, and 
may charge the various capacities to ground to such 
values of potential that bushings may flash over or 
other apparatus fail. A transformer may first be 
considered to act as a capacity and later as an induc- 
tance. Either way it is regarded, the potential will 
finally reach approximately double value if the in- 
coming wave is maintained for a long enough period 
of time, which may be only a microsecond or so. 
Other structures, such as bushings and bus structures, 
will extend this time somewhat. 

With this form of wave the insulator flashes over 
and the station apparatus may fail, which again is a 
~ condition which has been observed in practice. 

The third form of wave, given in Fig. 3d, is one 
which has such a rate of decrease of potential that 
the insulator flashover is never reached, either on the 
front or on the tail. This wave also may contain 
sufficient energy so that, upon being reflected, the 
station apparatus is charged to dangerous potentials 
causing the flashover of bushings or damage to ter- 
minal equipment. Such troubles have been observed, 
but less frequently than the other types of failure. 

The distance between the apparatus and the insu- 
lator string is the fundamental reason why there can 
be a difference of potential between them. If they 
are but a short distance apart, the potential across 
the apparatus could not be much different from that 
on the insulator string, since the insulator would cut 
off the reflection as well as the original impulse which, 
with considerable distance in between, it fails to do 


before reaching a high value. This statement applies . 


equally to any means for decreasing the potential, 
such as a lightning arrester, although with the type 
of arrester to be described the distance can be greater 
than with an insulator string with reduced insulation, 
because the arrester’s potential during discharge can 
be kept at a considerably lower value than would be 
tolerated in an insulator string, or other form of gap. 
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THE INSULATION 

Lightning arresters are installed for the purpose of 
protecting the station apparatus from transients due 
to lightning. Usually the transformer is the most 
important piece of apparatus, and arrester design is 
determined largely by the strength of the transformer 
against the action of impulse voltages. 

Considered from the standpoint of transient over- 
voltages, the transformer is a rather complicated 
combination of inductances and capacities. For steep 
waves, the voltage distribution through the winding 
is determined by the relative capacities; while for 
long tails or sloping fronts, the distribution will be 
determined by the inductance, and these distributions 
may be quite different. Thus it may be seen that the 
stress on the insulation at any given point in the 
structure will be dependent on the form of the applied 
impulse. Certain oscillations of a complicated nature 
may occur within the structure, and their nature will 
depend toa considerable degree on whether the trans- 
former is grounded. 

The insulation in the transformer consists of oil 
and solid insulation, both of which exhibit hyperbolic 
volt-time failure characteristics. Thus as the time of 
application of potential becomes shorter, the voltage 
necessary to cause failure becomes higher. This char- 
acteristic is also possessed by the transformer bush- 
ing and the other insulating structures, although 
differing somewhat in degree. 

As a whole, the transformer may be considered as 
a capacity for the first few microseconds. The trans- 
former bushing has a certain electrostatic capacity— 
usually much smaller than that of the transformer. 
Before a voltage reflection can take place at a trans- 
former, it is necessary to charge the electrostatic 
capacity of the transformer and bushing and nearby 
insulation to the voltage of the reflection. This takes 
time, and energy is stored in the dielectric at the ex- 
pense of the voltage of the transient, which means 
that the incoming transient, if extremely short 
(having been cut off by an insulator flashover), might 
not be able to charge the capacity of the transformer 
and other apparatus to a dangerous value. Other 
types of waves, as shown in Figs. 3c and 3d, could 
raise the potential of the transformer high enough 
either to cause the bushing to flash over or to damage 
the transformer winding. 

Solid insulation may be damaged by impulses 
which do not cause an actual failure. Above a cer- 
tain potential, which according to Peek) is about 
80 per cent of its single-shot impulse strength, the 
effects of repeated applications of potential are 
cumulative and in general the principle of both 
the time of application and the value of the impulse 
being kept as small as possible is well worth consider- 
ation. 


(8)‘‘Protection from area by F. W. Peek, Jr., International High 
Tension Conference, Paris, July, 1927. 
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High-voltage transformers are not immune to 
damage by lightning, just because they operate on a 
high-potential system. From the standpoint of relia- 
bility of service, such a system requires high line 
insulation and while it is also true that the transformer 
requires high insulation, yet the ratio between line 
insulation and transformer insulation is not mate- 
rially different than at 44 or 66 kv. The chief differ- 
ence lies in the fact that the number of disturbances 
of sufficient magnitude to cause trouble on a high- 
voltage system is less than on the lower voltage cir- 
cuits, and therefore the chances taken are not so 
great on the high-potential system. When however 
the increased value of the apparatus and service at 
the higher potentials is taken into account, the cost 
of a lightning arrester is often justified if a single 
transformer failure is averted. 


THE ARRESTER 

The simplest form of arrester is a gap connected 
between each line conductor and the earth. This may 
take the form of reduced insulation by the use of 
closer spacing of arcing rings, but such a method of 
protection results in a power arc following the light- 
ning discharge, which usually means an interruption 
to service. With modern lightning arresters adequate 
protection may be obtained without such interrup- 
tion to service. 

The so-called valve-type arresters of which the 
oxide-film arrester is a good example have two basic 
principles in their operation, one determining the 
protection offered by the arrester and the other the 
ability of the arrester to prevent the flow of follow- 
current from the system after the impulse has passed. 
The protection characteristic is largely determined 
by the ability of the arrester to decrease its resistance 
as the current increases, so that with a large flow of 
current the potential across the arrester is not much 
different than with a small flow of current. As the 
impulse current decreases, following the discharge of 
a lightning surge, the valve-type arrester has the 
characteristic of so increasing its resistance that little 
or no system current follows. 

In designing an arrester of the above type there 
are two operating limits to be recognized: one, 
the impulse failure of the insulation being pro- 
tected; and, the other, the failure of the arrester 
itself from the flow of system current. It is prob- 
able that, to be satisfactory, the arrester should 
limit the potential applied to a transformer to not 
more than 80 per cent of its ultimate strength 
and an additional factor of safety which would limit 
the potential to 50 or 60 per cent is highly desirable. 
On the other hand, a sufficient number of operating 
elements, which take the form of cells in the oxide- 
film arrester, are required so that at normal operating 
system potentials the current taken by the arrester 
is of the order of milliamperes. Unfortunately however 
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it is necessary to design somewhat more liberally 
than for normal system potential. Because of certain 
conditions, such as sudden loss of load on hydro- 
electric systems, very considerable increases in sys- 
tem voltage may occur making necessary a larger and 
more expensive arrester than would otherwise be 
necessary. This increase in the size of the arrester 
also reduces the protection for, with a given impulse 
current flowing, the voltage across the arrester varies 
directly with the number of cells or units. 


Characteristics of the Oxide-film Arrester 

The operation of lightning arresters under impulse 
conditions is best determined by the use of the cathode- 
ray oscillograph, with which it is possible to study 
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Fig. 4. Volt-time Characteristic of Eight Oxide-film Cells in Series, 
After Eight Years of Service, Compared with Volt-time Curve 
Without Arrester 


the arrester’s operation in times as short as a millionth 
of a second or less. Although it has not yet been possi- 
ble to obtain oscillograms of the operation of the 
arresters in service on actual lightning, yet it is reason- 
ably certain that the laboratory tests indicate the 
order of protection afforded by the arresters. 

Inthe laboratorya bank of capacitor units is charged 
by the use of kenotrons and transformers. By prop- 
erly employing capacity, resistance, and inductance 
in the discharge circuit, the wave front, length of the 
wave, and the character of the current wave are con- 
trolled. When studying the operation of arresters the 
circuit is so arranged that the voltage rises to 63 per 
cent of its maximum value in 3 ms. In Fig. 4, volt- 
time curves with and without the arrester are given. 
The lower curve shows that the maximum voltage 
across the arrester is obtained in about 1.5 ms. 

Using an impulse as described, volt-time, ampere- 
time, and volt-ampere curves (Fig. 5) were taken on 
the same eight cells, which curves taken together 
give a complete picture of the protective character- 
istics of the arrester. Of these, the volt-ampere and 
volt-time characteristics are the most important. 
When compared with data on the strength of trans- 
formers, the volt-time curve shows for instance that 
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a 110-kv. arrester will permit a voltage equal to only 
about 60 per cent of the transformer’s ultimate 
strength. The volt-time curve further shows that the 
series gap plays no appreciable part in determining 
the maximum potential allowed by the arrester 
under impulse conditions. That this must be true is 
clear from a consideration of the comparatively high 
electrostatic capacity of the cells compared to the 
series gap. Even with the highest voltage arresters, 
the electrostatic capacity of the cells is several times 
that of the series gap, so that, since the potential 
divides inversely as the capacity, most of the applied 
potential of the transient appears on the series gap, 
which breaks down without measurable lag. At the 
time this occurs, the voltage across the entire arrester 
is but slightly in excess of the voltage required to 
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Fig. 5. Impulse Characteristic Curves of an Arrester Consisting of 
Eight Oxide-film Cells That Had Been in Service Eight Years 


cause gap breakdown. Since the impulse voltage re- 
quired to cause breakdown is substantially the same 
as the 60-cycle breakdown (crest value), which in turn 
is only a small percentage above the line-to-line 
potential, the normal gap breakdown will be found to 
have no influence on the potential allowed by the 
arrester under impulse conditions. The gap with this 
arrester serves its intended purpose of keeping the 
arrester disconnected until needed without having 
any appreciable effect on the arrester’s protective 
characteristics. i 

The potential allowed by the arrester depends on 
the rate of voltage application rather than on the 
amount of potential applied, assuming of course that 
sufficient potential is applied so that breakdown 
occurs on the front of the wave. If waves of sloping 
front and long tails are applied, the insulation fails at 
a lower crest potential but the arrester also operates 
at a correspondingly decreased potential, so that the 
factor of safety of the insulation against failure is 
not materially reduced. 

The volt-ampere curves of oxide-film arresters show 
that the potential across the arrester decreases with 
increasing current and thus the maximum voltage 
across the arrester is unaffected by the amount of 
current or the length of time that it flows. Thus the 
maximum voltage of the arrester is independent of 
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the length of the traveling wave, and depends only 
on conditions up to the time when current flows 
through the arrester in appreciable quantity. The 
volt-ampere curve also shows the potential across the 
arrester when the impulse current ceases, which poten- 
tial is a measure of the arrester’s ability to prevent the 
flow of troublesome follow-current. These character- 
istics are shown in Fig. 5. 

Tests made with an impulse generator supplying 
a crest potential of over 1000 kv. on different numbers 
of cells in series show a straight-line relationship 
between potential and number of cells, which justi- 
fies the extrapolation of the cathode-ray oscillograph 
results to high-voltage arresters. Similar tests at lower 
voltage have confirmed this straight-line ratio. The 
potential across the arrester was measured with the 
sphere gap. Tests to determine the strength of trans- 
former insulation have also been made with the same 
impulse generator. 

It is possible by continued application of very 
severe impulses in rapid succession to increase the 
maximum voltage allowed by an oxide-film arrester 
to a considerable degree above that found on the first 
impulse applied to a new cell. Such an accelerated life 
test does not correspond very closely to conditions in 
operation, and results obtained in this manner must 
be used with caution. The maximum potential of a 
new cell for the first application of the standard wave 
used when taking the cathode-ray oscillograms as 
described in a preceding paragraph will be practically 
identical with the arrester’s 60-cycle rating. 

Because of the lack of knowledge of all the condi- 
tions affecting the application of transient voltages 
caused by lightning, the only real test of the arrester’s 
ability to maintain its characteristics in service is to 
test arresters which have experienced several years of 
service. This has been done; tests being made on cells 
which have had eight or nine years’ service in differ- 
ent parts of the country, some from Colorado, some 
from Cuba, and some from New England. The tests 
showed the arresters were in excellent condition to 
furnish protection. Typical cathode-ray oscillograms 
are given in Fig. 5, showing the volt-ampere charac- 
teristics of eight oxide film cells taken from a high- 
voltage arrester that had been in service for eight 
years. These oscillograms indicate a maximum poten- 
tial of slightly less than 1.1 kv. crest per cell on the 
standard laboratory wave which would probably be 
equivalent to 1.6 to 1.8 kv. per cell for the steepest 
waves which are likely to occur in service. These 
cathode-ray oscillograms indicate that the arrester 
composed of these cells is still giving good protection. 

A good lightning arrester of the type described 
in the foregoing must furnish not only protection 
but must always be able to stop the flow of follow- 
current under any usual operating condition. To 
determine the factor of safety against failure of the 
arrester itself, tests must be made which apply 
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an impulse while the arrester is connected to a power 
supply. The impulse is applied to the arrester at a 
point on the 60-cycle potential wave which has been 
found by test to be most dangerous for the particular 
type of arrester being tested. In the case of the oxide- 
film arrester, the impulse is applied at about 80 deg. 
on the 60-cycle wave. The power voltage applied to 
the arrester is varied until a value is obtained which 
will not allow the arrester to stop the flow of follow- 
current. The arrester designer uses this voltage as the 
failure voltage of the arrester, and so adjusts the 
number of cells or units until it is certain that under 
no operating condition will the system potential 
applied to the arrester equal the failure voltage of the 
arrester. 

Many factors need to be considered when making 
the failure tests on different arresters. The point on 
the 60-cycle wave at which it is most dangerous for 
the impulse to hit varies with different arresters. The 
constants of the power supply circuit have an influ- 
ence on the arrester failure, some arresters failing 
easier with high inductance in the supply circuit while 
others fail more readily with low inductance. Each 
type of arrester must be studied under a variety of 
conditions as the arrester in service may be subjected 
to many different conditions. 


Location of Arrester 

In some installations the arresters are not so 
located as to give the maximum protection to the 
transformers. It is necessary when studying this 
phase of the problem to note that the wave front of 
the impulse may be short and that distances of only 
100 or 200 ft. may be of importance. The transformer 
will receive the maximum protection from the arrester 
when the arrester is located close to the transformer, 
assuming that the arrester ground and the transformer 
ground are both tied to the same ground bus. 

In case it seems necessary to locate the arrester on 
the bus at some distance from the transformer, it may 
be desirable to so shield the bus that it cannot pick 
up charges between the arrester and the transformer, 
as these might damage the transformer. This shield- 
ing, which should take the form of some overhead 
grounded conductor, is probably necessary only for 
long buses. When the arrester is located on the incom- 
ing lines, the same argument for shielded bus struc- 
ture applies. l 

When the arrester is some considerable distance 
from the transformer the same reasoning that was 
used in a preceding paragraph with reference to reflec- 
tions with incoming waves also applies, and illus- 
trates the desirability .of keeping the arrester and 
transformer as close together as practicable if the 
very best service of the arrester is to be obtained. 
A condition of this kind is illustrated in Fig. 6. For 
the sake of simplicity, a perpendicular wave front 
is assumed and the transformer is considered as a 
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capacity to illustrate the principles involved. This 
wave has a crest potential of E kv. entering the sta- 
tion as a traveling wave. Its length is measured by the 
time it is permitted to pass any insulator before the 
insulator flashes over and cuts off the tail of the wave. 
This time is determined from the volt-time character- 
istic of the insulator similar to that shown in Fig. 3a. 
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Fig. 6a. 0.25 ms. before wave reaches arrester 


Yolé. 


F 4 J a 4 0 ` 
Thousands of Feet trom Transformer 
1000 feet =/ Mierosecond (Approx) 


Fig. 6b. 0.5 ms. after wave reaches arrester 
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Fig. 6d. 2.0 ms. after wave reaches arrester 
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Fig. 6e. 2.5 ms. after wave reaches arrester 


Fig. 6. Effect of Arrester Location on the Duration of 
Transformer Stress 


Under very steep wave-front conditions, the insulator 
concerned in Fig. 6 will flash over in a time that is 
short compared to 1 ms. at 1.5 E kv. but will with- 
stand E kv. for 314 ms. before flashing over. Its time- 
voltage characteristic is plotted in Fig. 6a as the 
dotted line above the wave (reversed with respect to 
left and right from that in Fig. 3a), and this shows 
that the wave is 31⁄4 ms. long, or in other words, even 
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though the insulator did flash over it has allowed 
3500 ft. of impulse to pass by before the flashover 
took place. 

Five-tenths of a microsecond after the front of the 
wave reaches the arrester, Fig. 6b, a traveling wave 
of 0.3 E kv. originating at the arrester has moved to 
the left a distance of 500 ft. and the original incoming 
wave has moved to the right a distance of 500 ft. hav- 
ing been reduced in value to 0.7 E kv. by the arrester. 

This wave reaches the transformer and because 
of the electrostatic capacity of the transformer the 
wave is modified to some extent as a result of charging 
the capacity represented by the transformer. After 
1.5 ms., the voltage across the transformer has built 
up to 1.4 E kv. and a reflected wave of this potential 
travels from the transformer, as shown in Fig. 6c, 
until it reaches the arrester, as shown in Fig. 6d, at 
which time a potential-reducing wave of 0.7 E kv. 
starts from the arrester and travels toward the trans- 
former, as shown in Fig. 6e. A potential of 1.4 E kv. 
exists at the transformer until this wave of reduction 
reaches the transformer. Thus during a total time of 
2 ms. a voltage much in excess of that allowed by the 
arrester has been applied to the terminals of the 
transformer. . 

A voltage of double the arrester voltage may there- 
fore be applied to the transformer for a time equal to 
twice the time it takes electricity to travel from the 
arrester to the transformer, which may be sufficient 
to cause failure of the transformer under extreme 
conditions. If the arrester had been placed 100 or 
even 200 ft. away from the transformer, the stress on 
the transformer insulation (both from the standpoints 
of voltage and time) would have been very much less 
indeed. 

As previously mentioned, in practice waves are not 
perpendicular, and the transformer is not the simple 
capacity assumed; but if the wave is sufficiently long, 
so that the full reflection voltage of the transformer 
has time to reach the arrester before the end of the 
wave arrives at the arrester, the time that reflection 
voltage is applied to the insulation will be as given 


(*)The wave of suppressed potential at the left of the tail of the original 
wave in Figs. 6d and 6e is the continuation of the 0.3 E kv. wave which 
started at the arrester and traveled to the left as shown in Figs. 6b and 6c. 
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in Fig. 6. It is probable that many of the incoming 
waves do not have sufficient lengths of tail to cause 
the various capacities to be charged to dangerous 
values. However, it is well worth while to install the 
arrester as near to the transformer as possible. If this 
is done and other conditions are normal, the record 
of protection for the arresters will be even better than 
it has been in the past. pa 

The connection between the arrester, the line, and 
the ground should be as short as possible, as shown 
by the following analysis. Assume an impulse trav- 
eling to a station which has a lightning arrester con- 
nected between line and ground at the point where 
the line enters the station. Assume, also, that the 
distance between the point where the lightning 
arrester taps off the line and the earth, measured along 
the arrester connection and the ground wire is 100 
ft. Even if the arrester were shorted by a copper strap, 
200 ft. of original impulse would pass by the arrester 
tap before the potential would begin to be reduced 
by the effect of the earth connection. This comes about 
because of the time required for the wave to travel to 
the earth and back up to the line conductor. The 
steeper the incoming waves the more important will 
be the length of connection between the line and 
ground through the arrester. It is worth while to 
keep these connections as short as possible and to 
keep the amount of exposure of conductors between 
the arresters and the equipment as little as possible. 

In designing a high tension system careful consider- 
ation should be given to all of the factors affecting 
the protection of the system against lightning. It is 
necessary to consider the effect of high towers, long 
spans, high line insulation, transformer and bushing 
strength and to so balance these that no part of the 
system will be unduly stressed. For any given system 
the effect of the ground wire and lightning arrester in 
reducing potentials on the transmission line and on 
the apparatus may be approximately evaluated at 
least. As our knowledge of actual conditions during 
lightning storms increases due to the use of the new 
measuring instruments now available it will be possi- 
ble to determine more accurately the exact value of 
these devices in service. 


Second 1200-lb. Turbine Unit for Milwaukee 


The Milwaukee Electric Railway and Light Com- 
pany will soon put into operation a second turbine- 
generator unit designed for 1200-lb. steam pressure. 
This decision to add to its existing high-pressure 
equipment was the result of 15 months’ operation of 
the first 1200-Ib. unit, during which period this unit 
shared the station load during a considerable portion 
of the time. 


The steam conditions will be 1200-lb. gauge, 750 
deg. F., and the turbine will exhaust into the regular 
station steam mains at 300 lb. pressure. The generator 


‘will be rated 7700 kw., three phase, 60 cycles, 13,800 


volts, 90 per cent power-factor. 

The first unit installed by the Milwaukee Electric 
Railway and Light Company was rated at 7000 kw. 
and was placed in service in October 1926. 
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Arc-welded Steel-frame Factory Building at the West 
Philadelphia Works of the General Electric Company 


Application of Welding to Building Construction—General Problems—Description of the 
Factory Building—Details of Welding in Fabricating Shop and Field 


By FRANK P. MCKIBBEN 
Consulting Engineer, Black Gap, Pennsylvania 


AN progresses slowly; but 

M he progresses. His efforts 

as exhibited in the struc- 

tural field during the last half 

century may be summarized 

approximately by decades as 
follows: 

First. During the decade be- 
tween 1880 and 1890 there was 
heard much discussion among 
American engineers concerning 
relative merits of pin-connected 
and riveted trusses, but by the 
latter date it was conceded that 
the riveted truss for most, but 
not all, uses was superior; and 
the pin-connected truss which had 
been the standard in America surrendered its prestige 
to the European riveted type. 

Second. By 1900 the riveted steel frame for tall 
buildings was no longer a curiosity. It was a standard 
construction of recognized merit. 

Third. The decade ending in 1905 witnessed the 
remarkable increase in the use of concrete for struc- 
tural building purposes. Many concrete buildings and 
some concrete bridges collapsed during those early 
days; but man nevertheless had progressed. Concrete 
buildings and bridges had come to fill a desideratum 
and to stay. . 

Fourth. Considére’s classic experiments on spirally- 
reénforced columns resulted in a great step forward 
in the use of stronger columns, so that by 1910 or 
thereabouts we were erecting large reénforced con- 


crete buildings characterized by flat slabs, then an 


innovation, and by spirally-reénforced columns. 

Fifth. And now we are witnessing another transi- 
tional stage wherein welded steel structures are 
coming into the structural field, at first by such 
gradual steps as to be almost imperceptible; but 
now the movement is going forward by leaps and 
bounds. Welded steel frames possess some good 
distinctive characteristics; and without doubt will 
find an appropriate place in a structural fabric con- 
sisting of the useful elements of pins, rivets, reénforced 
concrete, and welded joints. 

In 1877 the first public demonstration of welding 
steel by the electric arc was shown in an experiment 
before the Franklin Institute in Philadelphia. It is 


When presenting this article 
as a paper before the A.S.C.E. 
at Philadelphia on the fourteenth 
of last March, Prof. McKibben 
recommended the general use of 
welding in bridges and buildings, 
but stated that such use should be 


confined to responsible designers, 
fabricators, and engineers who 
will apply it only where it has 
well-defined advantages over any 
other known method of building 
and exlude it where not suitable. 
—EDITOR 


somewhat fitting that there should 
be described, on the fiftieth anni- 
versary of that event, the first 
electrically welded steel building 
erected in Philadelphia. 


The Use of Welding in Structures 

Since about 1915 somewhat 
over thirty-five steel building 
frames have been fabricated by 
welding; twenty-five: miscella- 
neous structures including large 
gas or oil tanks, towers and such 
important constructions as plate 
girder and truss bridges, have 
been entirely built new as welded 
structures or have been exten- 
sively strengthened or modified by this process; and 
approximately fifteen ships and barges have been 
welded throughout. 

The Latin expression festina lente, meaning ‘‘make 
haste slowly” surely is suitable as a motto for the 
conservative and careful engineer; but the array of 
welded structures included in the foregoing list of 
about seventy-five examples is sufficient evidence 
that welding has well passed the experimental stage 
and established its place in the family of useful tools. 


Some Problems to be Solved 

One is no longer concerned about the safety or desir- 
ability of carefully designed and properly built welded 
structures. In many cases the utilization of this 
type of structure distinctly lowers the cost of con- 
struction; the noiseless welding process commends 
itself alike for structures being built in close proximity 
to hotels and hospitals, and to office buildings—in 
fact, in any thickly settled community; the elimina- 
tion of unnecessary gusset plates is noteworthy; 
economies resulting from absence of holes in tension 
members are worth while; often considerable time 
may be saved in making drawings; the very great 
reduction in number of templets at the fabricating 
shop is marked. 

Naturally, several 
Among these are: 

(1). The revision of building codes in those cities 

where no provision is made for welding. Such codes 

do not specifically exclude welding, but they do 


unsolved problems appear. 
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not specifically include it, because it 1s new. Build- 
ing codes should be revised to include the issue of 
welding permits by responsible municipal bureau 
heads to responsible fabricators. 

(2). Another interesting need is a simple practical 
series of accomplishment tests for use in employ- 
ing welders on important works. In some cases 
the welding inspector is commissioned to test 
applicants seeking work by watching their pro- 
ficiency in maintaining a steady arc of proper 
length, in depositing a fillet on vertical as well as 
horizontal surfaces, in making a fillet of specified 
length, and in securing proper penetration on 
each of two plates welded together. This last can 
be easily tested by arranging the plates in such 


1000 Ib. 23000 Ib. 23000 |b 1000 Ib. 


Tft-OinN. 


Center Lina ~ 


Net reaction 47500 Ib. 
8 Panels at 9ft 9in.«78ft.ctoc 


Skeleton Diagram of a Welded Roof Truss Showing 
Gross Dimensions and Loading 


Fig. 1. 


istiffener § 


“Bearing Plate 


Fig. 2. A Detail of Welded Construction at the Connection of an 
End Diagonal to the Top Chord 


manner as to be wedged apart, thus breaking the 
fillet. Already a study of this problem has been 
delegated to a duly appointed committee. 

(3). More extensive use of jigs in frabricating shops 
is necessary to reduce cost of assembling. The 
efficacy of jigs was shown to a marked degree in 
assembling the small triangular skylight truss 
frames of the building which is to be described 
later in this article. The saving in unit cost is 
great where a large number of similar objects are 
to be made. In other words, the use of jigs elimin- 
ates templets and results in further saving of 
assembling costs. 

(4). Automatic welding machines depositing con- 
tinuous or intermittent fillets offer great oppor- 
tunities for securing cost reduction and better 
welds. For example, machines which weld simul- 
taneously the flange on both sides of a plate girder 
web give more uniform quality of fillets, more 
speed and lower costs than manual welding; and 
because automatic machines use continuous wires 
for electrodes the time and wire lost in the frequent 
electrode changing of hand welding are eliminated. 
(5). Standardization of details, such as connections 
of one beam to another or of beams to columns, 


is needed. If this be worked out now, while the 
welding program is just starting, much time will 
be saved. Such connections are very different from 
similar ones in riveted construction. In this respect, 
definite work is being done on the problem of 
adapting welding structural practice to general use. 


Some Details of Design 

Example A. Given a roof truss of the type and with 
the loading shown in Fig. 1, having a top chord made 
of one 8-in. H section with web horizontal, proportion 
the end diagonal, A, and welding connecting it to 
top chord, using 16,000 lb. per sq. in. for tension in 
diagonal and 3000 lb. per linear inch shearing value 
for 3g in. by %-in. triangular fillets. The truss is 
symmetrical about its center line. 


Thus are computed: 


47,500 X 12 


Tension in end diagonal = = 81,400 1b. 


ee 81,400 
Netarea required inend diagonal = a = 5.1sq.in. 


16,000 
Use two 5-in. channels, 9.0 1b. per ft. (5.26 sq. in.) 
81,400 
Length of 34-in. fillet ired = ——— = 27.1 in. 
ength of %@-in et require 3000 7.1 in 


Use four fillets, each 7 in. long, as shown in Fig 2. 


The 7-in. fillet of Fig. 2 is ordinarily indicated on 
the detail drawing as “7 W” if it be shop, and “7 F W” 
if field welded. 

Example B. Givena welded plate girder, span 
40 ft. c. to c. under a uniform load of 4000 1b. per 
linear foot over entire span. Assuming web 40 in. 
by ys in., proportion the tension flange using 16,- 
000 1b. per sq. in. as tension in the member. 


Whence: 


Maximum moment at center 


4000 
= ae X (40)? X 12 = 9,600,000 in. Ib. 
Required net area in tension 
_ 9,600,000 -4x5 X40 
40 (16,000) ax 


=15.0— 2.1 =12.9 sq. in. 


Use one plate 16 in. by }} in., or two plates giving 
the same area. 


Notice that this simple calculation for the tension 
flange reveals a double saving, first, in that no allow- 
ance need be made for rivet holes; and, second, that 
as no vertical row of holes is punched in the web, 
the web equivalent for the welded girder is larger 
and the flange correspondingly smaller than in the 
riveted girder. In many girders, however, the greatest 
Saving can be secured in using as stiffeners single flat 
bars with one edge welded directly to web, thus 
eliminating not only fillers but also those legs of 
angle stiffeners which lie parallel with the web. (See 


240 May, 1928 


Fig. 3.) No plate girders were used in the building 
described herein, but this example is given here to 
illustrate the reasons for economies which result from 
welded girders. 

Example C. Given a single angle (Fig. 4) in direct 
stress such as tension; to find the proper lengths of 
fillets to connect the angle to connecting piece, using 
tension at S lb. per sq. in. and longitudinal shear on 
fillet at f lb. per linear inch. 

Using 0.6 as a factor to allow for eccentric loading, 


P 
the required area of one angle = 0.68’ where P = pull in 


angle, and S =allowable unit tension. Then, by taking 
moments about outer edge of angle leg, the length 
Pb 


f fillet required al k las = 
of fillet required along back of angle is Y (a+b) f 


Fig. 3. A Drawing in Pian and Elevation Illustrating the 
Use of Flat Plates Instead of Angles as Girder Stiffeners 


and the length X for the fillet along outer edge of leg is 
Pa 

(a+b) f 

they should. 


Naturally, these lengths added give A as 


GENERAL DESCRIPTION OF BUILDING 

The arc-welded steel-frame building that is now 
being completed at the General Electric Company’s 
West Philadelphia Works consists of a headhouse or 
transept parallel with Elmwood Avenue, and two 
main aisles at right angles to it. The headhouse is 
78 ft. wide and 171 ft. long with a vertical clearance 
of 43 ft. One aisle is 59 ft. wide and 474 ft. long with 
a vertical clearance of 34 ft. from the ground floor 
to the lower chords of the roof trusses, while the 
other aisle is 79 ft. wide and 474 ft. long with a 
reénforced concrete gallery floor, in all but the two 
westerly bays, nearly midway between the ground- 
floor level and the lower chords of the roof trusses. 
The gallery floor is 20 ft. above the ground floor, and 
is connected by an enclosed passageway to a similar 
gallery in another building. These aisles and the head- 
house comprise a building approximately 138 ft. wide 
by 552 ft. long with a total ground area of 80,150 sq. ft. 

When completed, the building will be used for the 
manufacture of arc-welded steel tanks of various 
kinds and sizes. 

Concrete spread footings in clayey soil serve as 
foundations for brick walls, steel columns, and for 
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the reénforced concrete columns supporting the 
gallery. The ground floor throughout consists of a 
wooden-block surface on a concrete base on cinder 
fill, and the gallery floor also is wooden block on flat- 
slab construction. The outside walls are of brick; 
and the roof of gypsum slab cast in place. The building 
will be well provided with natural light from unusually 
large windows in all external walls, and from four 
lines of sawtooth skylights, two lines in each main 
aisle. 


Steel Framing 

The steel frame consists of steel columns, made of 
Carnegie beams of a new type, between which are 
welded transverse trusses of the Pratt type with 
parallel chords in the two main aisles, but with inclined 
top chords in the headhouse trusses. The latter 
trusses have spans of about 77 ft. center to center 


Fig. 4. Diagram Showing Dimensions Used in Calculating the 
Welded Connection for an Angle 


of columns and vary in depth from 8 ft. 4 in. at one 
end to 6 ft. 4 in. at the other to carry the sloping roof 
of the headhouse. One main aisle has roof trusses 
7 ft. deep with six panels each 9 ft. 9 in. making 
the span 58 ft. 6 in. The other main aisle has 78-ft. 
trusses 7 ft. deep with eight panels of 9 ft. 9 in. As 
all truss chords in the main aisle are horizontal and 
as the main purlins rest on the top chords of these 
trusses, roof slopes for drainage are provided for by 
sloping the secondary purlins. 

In general, each column has a 1)%-in. cap plate 
welded directly to its web and flanges, but the 1)%-in. 
base plate was in most cases not welded to the column. 
Each anchor bolt was connected to each column 
by passing between the column flange and a short 
angle standing vertically with outer edges of both 
legs welded to the face of the column flange. The 
anchor bolt nut bears against a plate washer resting 
on the upper end of the angle. 

The bays in the main aisle are 24 ft. to 25 ft. 
while those in the headhouse are from 25 ft. 7 in 
to 29 ft. 3 in. wide. 

The design of the roof trusses is characterized 
by the use of one 8-in. Carnegie beam for each top 
and bottom chord with flanges vertical, to the outer 
surfaces of which are welded channel diagonals and 
to the inner surfaces 7-in. I-beam verticals. This 
welding of the diagonals and verticals directly to 
the chord flanges avoided the use of over 1200 gusset 
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plates in the trusses. Another feature is the absence 
of lattice bars, not only in all trusses but generally 
throughout the building. In only two members in 
the entire building were lattice bars used. 

The fillet welds, of triangular cross-section with 
base and altitude generally 34 in. each, are subjected 
to longitudinal shear, and the unit shearing stress 
used in the design was 3000 lb. per linear inch for 
84-in. fillets. As the critical shearing section for a 
3% by %-in. triangular fillet is 0.265 in., this stress 
corresponds to a shear 11,300 lb. per sq. in. In com- 
parison with many tests, this represents a factor 
of safety of at least four. 
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directly on top of the auxiliary crane columns. 
The only exception is at intersection of the headhouse 
and the 59-ft. main aisle where the 10-ton headhouse 
crane girders are supported on a deep welded truss 
carrying not only the crane but the roof and clerestory 
loads as well. 

The wall cranes are supported on brackets carried 
by the auxiliary crane columns and main columns. 
As these cranes exert horizontal forces at both upper 
and lower levels, as well as vertical forces at the 
lower levels, their runway supports are not simple. 

In the headhouse are three interesting structural 
features; first, supporting one transverse headhouse 


Fig. 5. A General View of the New Welded Building at Philadelphia 


A roof load of 60 lb. per sq. ft. was used in the 
design, divided equally between live and dead load, 
applied not only to the level portions of the roof 
but also to the sloping surfaces of skylight monitors. 
The unit stresses in the steel members were those of 
the Philadelphia building code. 

Horizontal bracing, consisting of diagonal rods 
with Carnegie beam struts, is provided in the plane 
of the truss lower chords in all bays of the headhouse 
and in the 58 ft. 6 in. main aisle where cranes operate; 
but in the 78-ft. main aisle with concrete gallery, 
lower-chord bracing is used only in four bays. 
Horizontal top-chord bracing is provided in four 
bays of both main aisles and in two headhouse bays. 
Vertical longitudinal bracings were also used in 
several bays to resist crane stresses. 

Provisions are made for the following cranes: 
In the headhouse, 10-ton bridge cranes with span of 
73 ft. 5% in.; in the 59-ft. main aisle, 10-ton bridge 
cranes with span of 55 ft. and 2-ton wall cranes on 
either side; in one end of the 79-ft. aisle one 5-ton 
bridge crane with span of 46 ft. 2 in. All bridge crane 
runway girders are Carnegie beams generally supported 


77-ft. truss on two longitudinal wall trusses at the 
connection of this new building to an existing adjacent 
one; second, supporting one end of one transverse 
headhouse 77-ft. truss at the center of a 58 ft. 6 in. 
truss at the intersection of the headhouse and one 
main aisle; third, supporting the headhouse crane 
runway girders by welding them to cantilever ends 
of two needle beams supported by a 58 ft. 6 in. truss 
at the intersection of headhouse and the main aisle. 


Welding 

The use of welding resulted in a considerable 
saving of steel, in a reduction in the cost of the steel 
frame, and in the elimination of the noise of riveting. 
Having a total of 989 tons of steel, of which 745 
tons passed through the welding shop of the American 
Bridge Company at Trenton (N. J.), this building 
is one of the heaviest among welded structures. It 
is also unique in that it exceeds all other welded 
buildings in the use of trusses. 

At the Trenton fabricating shop five welders were 
generally used, each employing a single-operator 
motor-generator set consisting of a generator, control 
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panel, motor, starter, and reactor assembled on a apart on the shop floor and connected together with 
base. At the building site in West Philadelphia two a steel bar welded to each beam. The positive terminal 
welders were used, each supplied with a machine was bolted to the web of one of these beams, and the 
brought from Trenton and made portable by mounting negative connected to the 7 by 24-in. electrode in 
on simple hand trucks. the electrode holder held in operator’s hand. 

When depositing a 34 by 3¢-in. triangular fillet, The 206 skylight trusses were nearly alike and were 
the arc voltage was sban 23 to 25 and the current assembled by clamping the members in jigs which 
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Fig. 6. A View of the Steel Work of the Welded Building, Looking Lengthwise 


175 amp. for ;§;-in. G-E E electrodes, aa F. 
Direct current was used and was under the control 
of the operator, the current being changed by shifting 
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Fig. 7. A Detail of the Anchor-bolt Fastening of a Column Fig. 8. The Intersection of Main Building and Transept, Showing 
When Welded Construction is Utilized Simplicity of Construction at the Ends of Heavy Members 


the brushes, employing low voltage for light work and expedited the process greatly. Jigs for small triangular 
higher voltages for heavy work. trusses can be made by welding flat plates to skids, 

In the fabricating shop a series of 18-in. I-beams then welding small angle clips to the plates so that 
from 21 ft. to 24 ft. long were supported about 9 ft. when the truss members are laid against the clips 
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the truss is quickly assembled and clamped, then All lengths of welds specified on the drawings 
either welded in place or removed for welding. were marked on the assembled steel; and it is interest- 

The large trusses were put together by first laying ing to compare the lengths of fillet welds on the 
the bottom chord against a long 8 by 8-in. angle welded web members, specified on the drawings of one, of 


Fig. 9. A Detail of Welded Building Construction Showing a Welder 
Fastening the End of a Girder to a Column 
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Fig. 10. Fastening a Crane Column to Its Base. A Portable Welding Set 
is Shown in the Foreground 
to the I-beam skids, then the top chord spaced and the trusses in the 78-ft. aisle, with actual measured 


clamped to skids. Finally verticals and diagonals were lengths of welds on the truss: 
clamped tothe chordsand the joints welded. All trusses (1). Total actual length of fillets is 63314 in. com- 


were assembled and welded lying flat on the skids. pared with 59S specified. 
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(2). Maximum excesses of actual over specified for 
any one member is 5)% in. or 46 per cent of 
specified weld; and 614 in. or 52 per cent for 
another fillet. 

Maximum deficits of actual as compared with 
specified for any one member is 1) in. or 6 
per cent of specified weld; and 314 in. or 8.8 
per cent. 

(4). Some few individual fillets are as much as 10 

per cent shorter than specified. 

This comparison shows that inspection is necessary 
but that maximum deficits are not sufficient to 
appreciably reduce the factor of safety. 

It is probable that, in truss work, costs can be 
materially reduced by the use of jigs for rapid assem- 
bling of the truss members, and by specifying on the 
drawings the actual rather than imaginary working 
points. 

The shop fabrication and field erection of the 
building required nearly two months for each of these 
operations. 


(3). 


Tests 

The design of this building was based in part upon 
tests made for the General Electric Company by the 
Rensselaer Polytechnic Institute. The plates were of 
such sizes and thicknesses that at the ultimate loads 
the stresses in the plates were much below the elastic 
limit. For specimens in tension, the 3g by 3-in. 
triangular fillets of varying lengths gave an average 
longitudinal shearing strength of 13,300 lb. per linear 
inch of fillet; whereas, compression specimens with 
varying lengths of 34 by 3¢-in. fillets gave from 17,800 
to 15,800 lb. ultimate shearing strength per linear 
inch of fillet. 

It is apparent that the 3000 lb. per linear inch 
used in designing this building gives ample security. 

At Trenton three 58 ft. 6 in. trusses were tem- 
porarily erected for testing, being supported and 
braced and erected in the same relative positions that 
they were to occupy finally in the completed structure. 
Test loads consisting of I beams were then applied 
to the top chord joints through purlins until the 
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center truss carried a total load equivalent to 1% 
times the load for which it was designed. As the 
total design dead load was 30 lb. per horizontal sq. ft. 
and the live load the same amount, this test load 
was equivalent to the full dead load plus twice the 
live load. 

The vertical deflection at the center top chord 
joint checked very closely with the calculated deflec- 
tion. Deflections were observed until the truss was 
carrying the design load, when the central deflection 
was 0.52 in., then continued until the truss supported 
the design dead load plus double the design live 
load at which time the deflection reached 0.78 in. 
As the loads were removed, the deflection decrements 
were almost exactly equal to the increments under 
increasing loads. Finally, upon removal of all applied 
leads, the truss occupied exactly its initial position 
showing that no slipping in the joints had taken 
place under the test. 

Before any welder was allowed to do work on this 
building, either at the fabricating shop or at the 
building site, he was given certain tests by a capable 
welding inspector and his work was subsequently 
watched by the inspector. A comparison in accom- 
plishment was secured at Trenton by having each of 
the five welders make two test pieces consisting of 
two 6 by %%-in. main plates spliced by two 5 by %-in. 
plates with 10 in. of 3g by 3¢-in. fillets on each side 
of the splice. These ten specimens were then tested 
and showed that, while the two specimens made by 
any individual welder showed remarkably close 
results, the variation between the lowest average 
and the highest, t.e., between the poorest and the 
best welder, was about 22 per cent of the lowest. 
The lowest values, however, were practically the 
same as those used in design; and it is the lowest value 
that controls, not the average. Of course, two speci- 
mens per welder are not many, but taken in connec- 
tion with other tests and accomplishments of these 
five shop welders, it is believed that the difference in 
the specimens represents shop variations. These are 
no greater than exist in concrete tests or in riveted 
joint tests. 


The New Ford Has Many Welded Parts 


The increasing use of welding in automobile manu- 
facture is demonstrated by the large number of arc- 
welded parts in the new Ford car. Among these 
welded constructions are the rear axle housing, the 
steering gear casing, the radius rod, the spare tire 


carrier, the drag link for the front axle, the axle rods; 
and it is said that the welding of several other parts is 
being contemplated. To carry on this work the Ford 
Company has installed about 30 General Electric auto- 
matic arc-welding equipments in the past few months. 
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Low-voltage A-c. Networks 


PART IV: LOAD DIVISION 


By D. K. BLAKE 
Central Station Engineering Department, General Electric Company 


S a consequence of non-uniformity of spacing 
A of loads connected to a network system, the 
spacing of transformers cannot be uniform; 
and to secure a uniform cable layout is difficult be- 
cause of the manner in which the city streets are 
usually laid out. It is therefore necessary to give 
particular attention to the question of load division 
in order to avoid overloading cables, transformers, 
and feeders. The problem is simply one of balancing 
the impedances of the cable, transformer, and feeder 
circuits. Since it is not very practicable to vary the 
impedance of the cables, the transformer location and 
sometimes the reactance have been adjusted to suit 
local conditions. 


Transformer Reactance 

In Fig. 20 is represented a section of a network 
wherein each transformer is fed from a different 
feeder. Now, if feeder No. 3 is removed from service, 
the transformers connected to feeders No. 1 and No. 2 
will divide the load formerly carried by No. 8 accord- 
ing to the ratio of the impedance of the transformers 
to the impedance of the cables between transformers 
No. 1 and No. 2. For convenience, the cable reactance 
is taken as unity in Table VIII and the transformer 
reactance is varied showing how the load division is 
affected. There is little to be gained by increasing the 
transformer reactance above the cable reactance. 


TABLE VIII 
RELATIVE REACTANCE Ree AEE T IN 

Feeder Feeder 
Cable Transformer Circuit Circuit 
No. 1 No. 2 

1 0.25 16.5 83.5 
1 0.50 25.0 75.0 
1 0.75 30.0 70.0 
1 1.00 33.0 67.0 
1 1.25 35.8 64.2 
1 2.00 40.0 60.0 
1 3.00 42.8 57.2 


Suppose that the transformers of Fig. 20 are 
300-kv-a. banks, of 5 per cent reactance, spaced 500 
ft. apart, and that there are three 500,000-cir. mil 
cables in one duct. Then the additional load thrown 
on transformer No. 2 is 77 per cent of that formerly 
carried by No. 3; and No. 1 carries 23 per cent extra. 
If the reactance of the transformers is increased to 
10 per cent then the division of the additional load is 


6S per cent and 32 per cent respectively. The fore- 
going neglects the primary feeder impedance which 
will give a slightly better division of load. 

It will be observed that the real effect of the addi- 
tional reactance is to permit the transformer to carry 
8 per cent additional load. Some engineers consider 
it more economical to underload the transformers 8 
per cent than to pay the extra cost of the special 10 
per cent reactance transformer. Furthermore, it is 
doubtful if transformers are actually loaded so close 
to their carrying capacity that a reduction of 8 per 
cent would be of any value. It seems likely that the 


Secondar Network 


Fig. 20. A Schematic Network Showing Transformers 
, Fed by Separate Feeders 


ordinary addition of transformer capacity to keep 
ahead of load growth provides sufficient margin. 
Therefore, considering the extra cost, the delay in- 
curred in securing the equipment, and the higher 
regulation of the 10 per cent reactance transformer, it 
seems that as a general practice standard transform- 
ers ought to be suitable. 

After the network is installed a survey of load divi- 
sion can be made and additional reactance can be in- 
serted where particular conditions demand it. This 
additional reactance may be obtained very economi- 
cally and conveniently by means of cable-type reac- 
tors made of iron punchings as shown in Fig. 21. These 
reactors may be obtained in 1 per cent units for the 
300-kv-a. bank of transformers. The smaller the bank 
of transformers the more units are necessary to obtain 
the required reactance because of the smaller cable 
current. In connecting such reactors into the circuit it 
is necessary to break the lead sheath to avoid short- 
circuiting the reactor. This may be avoided by put- 
ting the reactor in the neutral conductor and applying 
tape from the copper to the lead. The use of bakelite 
varnish between layers will make a watertight joint. 
One company short circuits the reactors with a fuse 
designed to blow when the transformer is overloaded. 
Thus better regulation is obtained when the reactor 
is not in actual operation. The reactors have an air- 
gap which must be lined up, when more than one is 
used, to prevent overheating caused by adjacent units 
shunting some of the flux around the air gap. 
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When large buildings are supplied from two or more 
feeders as shown in Fig. 22, it is desirable to place re- 
actors between the transformers to reduce unequal 
load division due to unequal voltage regulation of the 
primary feeders. The cable-type reactors are utilized 
for this purpose. Another important condition re- 
quiring the use of reactance is that in which the net- 
work is fed at two different voltages such as 2300/4000 
volts from a step-down substation and at 13,200 volts 


wy wy wy 


| Rea ctors’ | 


Load Load 


Fig. 22. Diagram of Feeders and 
Transformers Between which 
Reactors Are Connected for the 
Improvement of Load Division 


Fig. 21. A Cable-type Reactor Built 


Up of Iron Punchings 


from the generating station as illustrated in Fig. 4. © 
High-reactance transformers or cable-type reactors 
are used on the transformers supplied from 13,200 
volts in order to balance the impedance of the 13,200/ 
4000-volt step-down transformer at the substation. 
It is obvious that if 10 per cent reactance, 2300 /4000- 
volt network transformers are used, it would be neces- 
sary to have at least 15 per cent in the 13,200-volt 
transformers. Such a reactance is too high for the 
desired regulation. Therefore, it is important that the 
2300-volt transformers be of standard reactance, such 
as 3.5 per cent, so that more than 10 per cent will not 
be necessary for the 13,200-volt transformers. If the 
2300 /4000-volt transformers are to be a very small 
part of the total network it may be better to accept 
the condition of slight underloading than to improve 
the load division for a time and be handicapped later 
with high-reactance 13,200-volt transtormers. 


Parallel Operation of Induction Regulators 

It is necessary to consider also the influence of in- 
duction regulators on load division when they are 
connected in feeder circuits supplying network sys- 
tems. It is the usual practice to control the induction 
regulators of ordinary radial-feeder circuits by a 
contact-making voltmeter in combination with a line- 
drop compensator. The function of the contact-making 
voltmeter is to raise or lower the regulator voltage 
when the feeder voltage falls below or rises above its 
setting. The function of the line drop compensator is 
to increase (in effect) the setting of the contact-making 
voltmeter as the load increases in order to hold the 
voltage approximately constant at the load. 

If the contact-making voltmeter only were used, 
the load on the feeders supplying the network would 


(3) Fig. 4 occurs in Part I, which appeared in the February, 1928, num- 
ber of the REVIEW. 
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divide approximately according to the impedance of 
the feeders as long as the contact-making voltmeters 
have approximately the same setting. When, however, 
the line-drop compensator is added, there is danger of 
one regulator going to ‘‘full buck’’ and the other to 
“full boost,” with the resultant circulating current 
unbalancing the loads on the feeders and also the 
loss of the regulating features. This may be caused by 
one regulator getting ahead of the other (because of 
slight differences in contact-making voltmeter settings 
and regulator operating characteristics) producing a 
circulating current component flowing out to the net- 
work in its feeder and in from the network in the other 
feeder. This resulting compoment of circulating cur- 
rent, acting through the line drop compensator, will 
cause the leading regulator to further advance and 
the lagging regulator to go in the opposite direction. 
This will continue until the leading regulator reaches 
the full-boost position and the lagging regulator 
reaches full-buck position. 

It is necessary, therefore, to have some method ot 
controlling the regulators so that they cannot go to 
their limit positions and produce a circulating com- 
ponent. Mechanical interconnection is a remedy, but 
this is objectionable because of the complications 
involved in running a shaft system between the cir- 
cuits. Furthermore, mechanical interconnection does 
not permit individual compensation for each feeder 
and would not be applicable in the few cases where 
it is desirable to have a separate line-drop compen- 
sator setting for each feeder. There are several 
schemes available for interconnecting the line-drop 
compensator and contact-making voltmeter circuits 
in such a manner as to permit individual settings of 
compensators and for preventing the regulators’ get- 
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Fig. 23. The Diagram of Connections for a Scheme of Operating 
Regulators which Provides a Sequence of Adjustments 
of Circuit Conditions 


ting far enough apart to cause objectionablecirculating 
currents. There are just two of the schemes in general 
use for network systems and these will be described. 

The first scheme in general use on network systems 
has the current transformer of feeder No. 1 connected 
to the compensator of feeder No. 2, the current trans- 
former of feeder No. 2 connected to the compensator 
of feeder No. 3, and so on for all the feeders; and the 
last feeder would have its current transformer con- 
nected to the compensator of feeder No. 1. This is 
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illustrated schematically in Fig. 23. Suppose there is 
no load on the network and that No. 2 regulator is 
advanced by hand to cause a circulating current which 
divides equally among the other three feeders on its 
return as shown by the arrows. The current in No. 2 
will cause regulator No. 3 to go in the boost direction 
while the other regulators will go in the opposite 
direction. When the current in No. 3 passes through 
zero, No. 4 regulator will pass through neutral and 
then go in the boost direction after the current in 
No. 3 flows out to the network. Likewise No. 1 regu- 
lator will be in the buck position until the current in 
No. 4 passes through zero. The regulator in No. 2 
will continue to go from the boost to the buck position 
until the current in No. 1 goes to zero. The regulator 
in No. 3 will not return to the neutral position until 
the current in No. 2 passes through zero. 

It would be quite a difficult and lengthy matter to 
thus follow this sequence through until the regulators 
finally return to the neutral position, but enough of 
the process has been given to show that the adjust- 
ment takes place in a sequence and that the regula- 
tors each move back and forth a few times until they 
all finally have come to rest on the neutral position. 
It is evident, however, that under usual operating 
conditions the regulators cannot get very far apart 
and that they will take such positions as to cause 
approximately the same current in each feeder. If 
feeder No. 2 has more impedance than the others, it 
will have a normal position ahead of the others in 
order to compensate for the greater impedance. There- 
fore, this scheme successfully satisfies the requirement 
of approximately equal load division with feeders 
having different lengths and impedances. 
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Fig. 24. The Connection of Transfer Switches in a 
Parallel-feeder Regulator Circuit 


In applying the scheme to a network system it is 
necessary to provide transfer switches, operated by 
the feeder oil circuit breaker, in order to transfer the 
connection of the current transformer in, say, feeder 
No. 2 from the compensator of No. 3 to that of No. 4 
when feeder No. 2 is removed from service. The con- 
nections of these transfer switches are shown in 
Fig. 24. 

The other scheme now being used is shown in 
Fig. 25. The usual connections of current transformer, 
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potential transformer, contact-making voltmeter and 
line-drop compensator are shown with the addition 
of an impedance (Z) and current transformer (T). 
The current transformer (7) and impedance (Z) 
are usually in the form of an additional compensator 
with a 1:1 current transformer built in. The elements 
T and Z are so connected in the usual circuit that the 
drop across Z is opposite in direction to that in the 
usual compensator. The combinations of Z and T 
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Fig. 25. The Diagram of Connections for a Scheme of Operating 
Regulators in which Adjustments of Circuit Conditions 
Are Made Simultancously 


of all the circuits are connected in series by means 
of a pilot wire. When all the regulators are together 
the load current sets up a circulating current in the 
pilot wire and current transformer T but no current 
flows through Z. Therefore, as long as the regulators 
are together the control circuits perform just as though 
there were no interconnection and the impedance (Z) 
were not present. 

If, however, No. 1 regulator gets ahead of the 
others a circulating current is set up in the feeders 
which flows out to the network over No. 1 and in from 
the network through No. 2 and No. 8. Since the 
current in feeder No. 1 is opposite to and greater 
than that in No. 2 and No. 8, all the current does not 
circulate as before. Instead, part goes through Z1 
and part through the pilot wire and Z2 and Z3 of 
the other feeders as shown by the dotted arrows. 
The division of the current depends on the number 
of the feeders; and in this case about two-thirds goes 
through Z1 and one-third through the pilot wire, 
Z2, and Z3. This is because Z2 and Z3 in series are 
in parallel with Z1 and, therefore, the secondary 
current of 71 divides inversely as the impedance. 
The current in Z1 opposes the compensator No. 1 
so that regulator No. 1 cannot stay in the boost 
position but is returned toward neutral by the con- 
tact-making voltmeter because the regulator is 
boosted above the voltmeter setting and the com- 
pensator effect is two-thirds neutralized by Z1. At 
the same time regulators No. 2 and No. 3 go in the 
boost direction because of the pilot wire current 
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shown by the dotted arrow. The circulating current 
flowing in the feeder circuits have no effect on 
regulators No. 2 and No. 8 because the full arrows 
show that this current flows through Z2 and Z3, 
completely neutralizing that flowing through their 
compensators. Therefore, No. 1 regulator undergoes 
twice as much correction as No. 2 and No. 3 which 
is the proper proportion to quickly and effectively 
bring all the regulators together and eliminate the 
circulating current. After the circulating current is 
reduced to zero the contact-making voltmeter returns 
the regulators to neutral or to the position determined 
by the load current through the compensator. When 
a feeder is removed from service, T and Z are short 
circuited by the switch S. 

The first scheme makes adjustments in a sequence 
while the second adjusts all regulators simultaneously 
in the proper proportion. The former requires double- 
throw transfer switches while the latter requires short- 
circuiting switches. Both schemes permit each feeder 
to have individual line-drop compensator adjustments. 

When networks are supplied from feeders from 
different substations or from both substations and 
generating station, as illustrated in Fig. 4,“ it is of 
course not feasible to use either scheme of inter- 
connection between regulators at different stations. 
It is probable that the reactance (resistance is usually 
negligible) of the transmission circuits and power 
transformers will be high enough to keep the regu- 
lators stable without interconnection schemes. Such 
schemes are not necessary where the total reactance 
compensated for is less than the total reactance of 
the loop formed by the feeders, transformers, and 
network. If two feeders supplying a network have 
3 per cent reactance, and the transformers and the 
network are respectively of 5 per cent and 10 per 
cent reactance, then the loop reactance will be 23 
per cent. If each regulator compensator is set at 11.5 
per cent or above, the regulators will be unstable 
and an interconnection scheme becomes necessary. 
If each regulator is set lower, say at 10 per cent, 
then they will be stable and an interconnection 
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scheme unneccessary. This may be explained by the 
aid of the vector diagram in Fig. 26. Vector oa 
represents the setting of the contact-making volt- 
meter. Now suppose one regulator is run to the full- 
boost position by hand; then the circulating current 
will run the regulator in the other feeder to full buck. 
The first regulator has voltage od applied to the 
contact-making voltmeter and compensator circuit. 
The circulating current set up in the feeders will 
cause a voltage drop in the compensator of the first 
regulator which subtracts from the impressed voltage 
to give the resultant voltage applied to the contact- 
making voltmeter. A setting greater than half the 
loop impedance will subtract the voltage db giving 
the resultant ob on the contact-making voltmeter. 
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Fig. 26. Vector Diagram of Conditions Determining the 
Stability of Regulator Operation 


This value (ob) is below the voltmeter setting and 
consequently the boosting contacts will be closed, 
and the regulator will stay in the boost position. 
Therefore, the regulators will be unstable. A com- 
pensator setting lower than half the loop impedance 
will run the second regulator only part way to full 
buck. The resultant circulating current will subtract 
the voltage dc giving the resultant oc on the contact- 
making voltmeter of the first regulator. This value 
(oc) is above the voltmeter setting and consequently 
the lowering contacts will be closed and the regulator 
returned to the neutral position. It is obvious that 
the regulators will be stable, for the contact-making 
voltmeter always has complete control. It is believed, 
therefore, that where two or more substations supply 
network systems, it will be possible to operate bus 
or feeder regulators without pilot wire interconnection 
between substations because of the uncompensated 
reactance in the power transformers and trans- 
mission circuits. 


(To be continued) 


Railroad Electrification Reduces Damage by Smoke 


Since the electrification of the Chicago Terminal 
of the Illinois Central Railroad (described in detail 
in the April 1927 issue of this magazine) the Chicago 
Art Institute has found that the amount of soot and 
cinders falling on the roof of its building has been 
reduced by two-thirds. During the year prior to the 
electrification some 13 tons were removed from 
the roof; whereas during the following year (1927) 
there were only about four tons, these resulting 


from the remaining local combustion activities. 
In consequence of there now being less smoke to 
seep into the building, the Institute has been able to 
reduce its maintenance staff and its work of pre- 
serving objects of art has become less difficult. 
This experience in connection with a single build- 
ing furnishes an indicative measure of the greater 
cleanliness enjoyed also by the surrounding neigh- 
borhood. 
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Cincinnati Street Railway Company Leads in 
Power System Rehabilitation 


Extent of Project—Power Purchased—Nineteen Substations, All Fully Automatic— 
Supervisory Control System Additional—Operating Features 


By F. W. PETERS 
Railway Engineering Department, General Electric Company 


HE modernization of the 
power supply of the Cincin- 
nati Street Railway is one of 
the outstanding developments of 
the street-railway industry. In 
no other city of metropolitan pro- 
portions has this development 
progressed to 100 per cent auto- 
matic operation, all under the 
direct control of a centrally located 
dispatcher through a supervisory 
and remote metering system. 

This new power and distribu- 
tion arrangement covers an area 
having a maximum radius of 814 
miles from the city’s business cen- 
ter, throughout which are distributed 19automatic sub- 
stations. These station locations have been carefully 
selected to properly servethe present railways as well as 
the anticipated growth of the city and railway system. 

Each station is automatic in all respects. No at- 
tendants are required and the doors are locked from 
the outside. Whenever a demand for power arises at 
any point, as represented by cars operating on some 
part of the system, the station serving that district will 
commence operation and continue to deliver power 
so long as the load demand exists, after which it will 
shut down and wait until it is again called upon to 
function. Should one of the station d-c. feeder circuits 
become involved in trouble, during a period of opera- 
tion, the feeder will open automatically and then will 
reclose automatically only after the cause of trouble has 
been removed. Likewise, should irregularities occur— 
such as single-phase or prohibitively low a-c. supply 
voltage, d-c. overload, or overheated apparatus—the 
station will properly protect itself. In other words, 
each station 1s a responsible and dependable element 
in the system, will deliver power whenever required to 
do so, and is continuously checking for any unusual 
conditions against which it may become necessary to 
protect itself. 

Even though each substation is an independent and 
self-contained unit, it has been considered desirable 
to superimpose over all 19 stations a supervision 
by acentral dispatcher. Through the medium of rela- 
tively few control wires and suitable automatic selector 
equipment, he will at all times be informed whether 


Member companies of the 
A.E.R.A. recently gave the follow- 
ang weights to the conspicuous 
advantages of automatic stations: 
improved labor conditions, 12; 
reduced operating expenses, 12; 


improved service continuity, 11; 
greater reliability, 10; greater pro- 
tection to equipment, 8. A new 
and notable automatic installation 
ts here described in an AI.E.E. 
paper the author read last Febru- 
ary at Cincinnatt.—EDITOR 


a station is operating (if a two- 
unit station, whether one or two 
units are operating); the open, 
closed, or auxiliary bus position 
of each of the 87 feeders; to- 
gether with the metered ampere 
load and bus voltage on each 
substation of the entire system. 
Also, in conjunction with this 
supervisory system the dis- 
patcher may use his private tele- 
phone to communicate with the 
Union Gas and Electric Company 
dispatcher and maintenance men 
or inspectors who periodically will 
visit each station. 

Briefly then, an area is being considered throughout 
which are located 19 self-dependent substations over 
which a dispatcher has complete supervision and a 
full knowledge as to the load carried and what is 
occurring in each station. 

Over a period of many years the railway company 
generated its own 25-cycle power at the Pendleton 
plant. Some few years ago, three automatic and three 
manually operated 60-cycle substations were placed 
in operation with power supplied by the Union Gas . 
and Electric Company. First-hand experience with 
automatic-type stations prompted the decision to 
apply these over the entire system. The basis for such 
action lay in the economy of automatic over manual 
operation, due to the elimination of unnecessary 
light-load losses and station attendants’ wages, to- 
gether with the ability of the automatic equipment to 
continue operating through more trying conditions 
than a manual equipment and at the same time pro- 
tect itself far more accurately than standard manual 
stations. | 

A résumé of the conditions against which an auto- 
matic station will protect itself may be itemized as 
follows: 


On the High-tension Side 
Undervoltage 
Overload or ground 
Single or reverse phase 
Phase-current unbalance 
Transformer overload, ground or failure. 
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On the Converter Equipment 
Excessive machine temperature 
Incomplete starting sequence 
Loss of field 
D-c. overload 
Reverse polarity 
D-c. reverse current 
D-c. grounding or flashover 
Load-limiting resistor overheating 
Overheated bearings 
Over speed. 
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Ten stations will contain one 1500-kw. converter, 5 
stations will contain one 1000-kw. converter, and one 
station a 200-kw. converter. Several station build- 
ings have been made large enough and provisions in- 
corporated for the installation of an additional unit 
when required by the system’s growth. 


Substation Ventilation 

In the days of manually operated stations, the 
problem of station ventilation rarely caused concern. 
If a substation became uncomfortably warm, the 
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On the Feeders 
Short circuits; opening and automatically reclosing 
as soon as the cause of the short-circuit is re- 
moved. 


Location of Substations 

Obviously stations should be located where they 
may most efficiently serve their load demands in re- 
spect to both present and future requirements. 

The plan now in progress calls for the abandonment 
of one substation, the remodeling of eight, and the 
construction of eleven new substations. The locations 
and capacities have been determined on the basis of 
of spot maps set up to show the car distribution 
throughout the city at times of minimum headway 
or maximum service, together with a knowledge of 
car-energy consumption when loaded and on grades. 

Three of the downtown stations will each contain 
two 1500-kw. converters. 
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Lincoln Park Substation, Containing Two 1500-kw. Automatic Converter Equipments 


attendant opened windows and doors. Since elec- 
trical apparatus may well -operate within the tem- 
peratures measured by man’s comfort, no one worried 
about or provided particular means of ventilation. 
With the advent of automatic substations, where 
windows are somewhat of a detriment and conse- 
quently reduced in size or eliminated altogether and 
where doors are closed and locked, an adequate 
means of ventilation became necessary. 

No comprehensive study of air circulation or 
vitiation in substations had been made until the 
American Electric Railway Association in 1924 spon- 
sored an exhaustive report backed up with extensive 
tests to cover the subject. Briefly, the results evolved 
from this study are: 

(a) Air is discharged from converter armatures at 
velocity heads up to 2000 f.p.m. in a rather narrow 
band on each side of the magnet frame, in a plane 
parallel to the frame. 
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(b) Air enters the armature at the commutator 
and collector ends, in a direction parallel to the shaft 
at velocities up to 500 f.p.m. 

With these facts established, it developed that cool 
air should be brought into the station through ducts 
to floor gratings located just outside the converter 
base close to the bearing pedestals. This system de- 
livers cool air to the machine at the point where it 
naturally draws it into the armature. 

Since the warm air is discharged from the machine 
at high velocity, it is proper that roof ventilators 
should be located in the line of this velocity so that 


Fig. 2. 


velocity ead, temperature head, and any suction 
set up by wind passing through the ventilator will all 
be working in series to eject heated air from the 
building. 

The new buildings now nearing completion have all 
been designed with these principles in mind; and to 
insure continuity of operation in the hottest weather, 
provision has been made to conduct to the outside the 
heated air discharged through the base of the machine. 
The transformers are placed on a grill work through 
which cool air is delivered to the transformer base and 
flows upward through the tubular radiator pipes and 
then on up to a ventilator placed overhead where the 
temperature head again assists the ventilator suction 
in discharging heated air from the room. 


Building Construction 

The buildings deserve initial reference to their con- 
spicuously improved appearance, both inside and out, 
with respect to the conventional substation design 
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and construction. There are no duplicate exterior 
designs; each has been treated in a substantial and 
artistic manner with the result that one is reminded 
of attractive community banks or public library 
buildings. 

The interiors are faced with glazed brick, apparatus 
is arranged and installed in a manner to promote 
reliable operation, facilitate maintenance, and present 
a generally pleasing appearance, all of which prompts 
the safe prediction that this property will be one of 
the outstanding show places in this country for mod- 
ern street railway power operations. 


Westwood Substation, Containing One 1000-kw. Automatic Converter Equipment 


All equipment is located on the main floor in one 
room with no galleries or second floors. A half base- 
ment serves only for cable runs and for bringing cool 
air to the floor gratings. The sub-construction is of 
reénforced concrete; the walls are of hollow brick 
with glazed brick inside facing; the building fronts 
are made decorative with various materials to produce 
the pleasing effect desired. 


Substation Apparatus 

Each double-unit station has two incoming 13,200- 
volt 60-cycle a-c. lines whereas each single-unit sta- 
tion has one incoming line with provision for a second 
line upon the addition of a second unit. Relay pro- 
tection on these lines has been designed in conjunc- 
tion with the Columbia Engineering & Management 
Corporation’s staff so as to insure codrdinated oper- 
ation between the two systems. 

The a-c. supply enters the building through cables 
leading to a fireproof, fabricated, oil switch 
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compartment which houses the current and potential 
transformers, disconnecting switches, fuses, and main 
oil circuit breakers. Lead-covered cable between the 
switch structure and the main power transformer 
enters the latter through side-type oil-filled potheads 
with no exposed high-voltage conductor. 

The transformers are of the outdoor, three-phase 
high-reactance core type with interleaved disk winding 
and tubular radiators. The primary taps may be 
changed by means of an operating lever extending 
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Under such conditions it becomes unnecessary to 
maintain a rigid 600-volt trolley potential because 
this voltage is being reduced by the car resistors 
before it reaches the traction motors, and conse- 
quently the excess voltage represents wasted energy. 
Tractive effort which determines rates of accelera- 
tion exerted by series traction motors is a function of 
current only, but speed after the accelerating period 
is a function of voltage. Excessive voltage during 
acceleration is useless, and high voltage becomes 
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Fig. 3. Colerain Substation, Containing One 1000-kw. Automatic Converter Equipment 
with Provision for a Second Unit 


through the transformer cap plate. The low-voltage 
leads are brought out the side through weatherproof 
bushings at an angle to accommodate connections to 
the starting and running contactor panel setting 
close to the transformer. 

The converters incorporate features of the most 
modern design. They are built with high-reluctance 
commutating poles, are rated at 600 volts at the d-c. 
end, and both the 1000-kw. and 1500-kw. units (which 
operate at 900 and 720 r.p.m. respectively) are capable 
of carrying 150 per cent load for two hours and 200 
per cent load momentarily. They each have a com- 
pound field winding, but the shunt field and armature 
have been so designed that they may be operated 
without undue heating as a full-compound or a full- 
shunt machine or anywhere between these limits by 
adjustment of the series-field shunt. The principle 
underlying this latter feature of operation merits con- 
siderable comment, but briefly it is this: 

In the downtown section or area where traffic lights, 
pedestrians, and vehicular traffic naturally slow up 
car movement, motormen must operate on controller 
resistance points a major portion of the time. They 
rarely have opportunity to operate free running with 
all motor resistance out of circuit. 


effective only upon reaching the free-running portion 
of the motor curve in any duty cycle. 

If shunt characteristic converters supply power to 
congested areas, they automatically adjust them- 
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Fig. 4. Diagram Showing Velocity at which Air Enters and is 
Discharged from a Railway Synchronous Converter 


selves to the voltage requirements of the car equip- 
ment. At night or non-rush periods where cars can 
do some free running and the load demand in current 
is relatively low, the shunt converter delivers its 
highest voltage, permitting high car speeds. During 
congestion, as represented by the rush hours, load 
demands are maximum, streets are crowded, cars 
are slowed down because of this congestion and the 
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converter inherently delivers a lower voltage and 
thereby decreases the amount of energy the motor- 
man throws away in his motor resistors. 

In outlying sections, where congestion is a mini- 
mum, cars can travel as fast as trolley voltage permits 
and here it is desirable to maintain a rigid trolley 
voltage, which is done by using the full series field to 
effect a flat voltage characteristic. Between these two 
extremes of maximum and minimum congestion, 
there is a gradation of trolley voltage requirements 
which may be accommodated by partially shunting 
the converter series field. 


È) 


I (Future 


Eou alizer Inc Line 


Converter Panels | Converter Panels 
a — 3 = or = p= = aoe | re 

Positive 
iff / Feeder 
Peta 


jo Fate Ù ajo! — fief ijo Y ajo 


—10 ft 5 in— — Pane oT 6ft Bin— < oy 


Pe Neg Feeder 
"Fibre 


+ ` 


3 \ inc Lina Di Blinc nenlet rans DEBA Trans DCR fp, tro! 


Battery HI 


manta D aaa li ERIE ROP PRAE ces $ 


—Air Duct Iniets — 


253 


minute adjustment throughout brush life with con- 
sequent control of this item of maintenance. 

The equipment necessary to automatic operation 
mounted on the converter frame includes the motor- 
driven brush-operating mechanism which lifts all but 
the pilot brushes during the starting operation; bear- 
ing temperature relays which automatically shut down 
the machine in the event of overheated bearings; and 
a grounding relay which in the event of insulation fail- 
ure or flash to ground immediately shuts down the unit. 

The stations have been designed to reduce noise 
so frequently objectionable to surrounding residents 
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Fig. 5. Floor Plan Layout of the Double-unit Automatic Stations. 


There is another distinct operating advantage in 
this method of operation. If in the downtown section 
an unusual occurrence results in many cars demanding 
more power from a given station than it can well 
accommodate, its shunt characteristic continues to 
drop the voltage in an effort to limit its power output, 
thereby permitting surrounding stations which are 
less heavily loaded to reach in and assist the station 
that is struggling with its load. 

Returning to the converters proper, the machines 
have a rolled-steel magnet frame to insure uniform 
permeability, which is sometimes questionable in 
cast-magnet frames. Radial-type d-c. brush rigging 
fully enclosed with insulating and flameproof mate- 
rial, together with flash barriers between brush-holders, 
reduces to a minimum the possibility of flashover 
between brush-holders or arcing damage to the 
rigging. The collector-end brush-holders have a 
micrometer-type construction, thereby permitting 


or establishments. To this end the converter bases are 
set on cork mats to minimize the transmission of 
vibrations to the building structure and the setting 
up of noise. 


‘Automatic Switching Equipment 


Briefly, the station functions in an automatic 
sequence as follows: While the converter is idle, a 
voltage relay is continuously measuring voltage on 
the d-c. bus which is always energized through feeder 
ties from some adjoining station. If the d-c. bus volt- 
age as measured by this relay drops to a predetermined 
point, it signifies the coming of a load which will de- 
mand power from that particular station. After a 
brief delay, to eliminate false starts because of tem- 
porary short-time loads, the voltage relay transmits 
an indication to start operation. Immediately the oil 
circuit breaker 1s closed, thereby energizing the main 
power transformer. A motor-driven drum controller 
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rotates and contact fingers energize control circuits to 
close the starting contactors which connect one- 
half normal a-c. voltage to the converter collector 
rings for starting. Next, when synchronous speed is 
reached, the converter is polarized by momentarily 
connecting its fields to the station control storage 


Fig. 6. Exterior View of Converter Transformer Showing the 
Side-type Oil-filled High-tension Potheads 


battery. Then it 1s self-excited and the starting con- 
tactors are opened and the running contactors closed, 
connecting full a-c. voltage to the converter, the 
brushes are lowered and the machine is ready to be 
connected to the d-c. bus to deliver power. Up 
to this time many other performances have taken 
place. Various relays have been at work to check the 
a-c. voltage to make certain it is of proper value and 
that no accident has occurred causing single or re- 
verse phase- or unbalanced current. 


The successive connections are delayed until it is 


proper to make the next. Speed, voltage, and polarity 
are re-checked and finally the converter is connected 
to the bus, first through a load-limiting resistor and 
then direct in a total time of 25 to 40 sec., depending 
on the conditions. 

Should overload or any other unusual conditions 
arise, the equipment can shift the load or do what- 
ever is necessary to permit operation being continued 
but should conditions be too severe the station will 
shut down. After the trouble has passed the converter 
will re-start, but if the trouble is such as to warrant 
an inspection before re-starting the station will re- 
main shut down. 
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High-speed breakers are connected in the negative 
side of each converter. These open upon short-circuit 
in 0.007 sec., which precludes current building up toa 
high value before the converter is cut off the bus. 


Automatic Feeders 
Power is delivered to the cars through feeder cir- 
cuits and trolley wires. All of the feeder equipments 


Fig. 7. Interior View of Converter Transformer 


are controlled individually by automatic reclosing 
breaker equipment located at the point where they 
leave the station bus. If a short-circuit or severe 


Fig. 8. Synchronous Converter with Automatic 
Equipment Installed 


overload occurs on any feeder, its circuit breaker 
opens to isolate the trouble. Shortly after the breaker 
opens, certain relays begin to test the circuit and so 
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long as the troublesome conditions remain the breaker 
stays open. When’ the trouble is cleared the relays 
will cause the breaker to reclose and normal service 
is then resumed. 

In several important stations, the arrangements 
are such that an auxiliary feeder bus may be installed. 
This feature and its application to the system is 
somewhat unusual and interesting. The auxiliary 
bus is normally isolated 
and de-energized, but the 
dispatcher is free to discon- 
nect one or more feeders 
from the regular station 
bus and connect it to the 
auxiliary bus. Bearing in 
mind that practically all 
feeders originate at one sta- 
tion bus and terminate at 
an adjoining station bus, 
the dispatcher by proper 
manipulation through the 
auxiliary bus may transfer 
a feeder load from its nor- 
mal station supply to some 
adjoining station. In other 
words, if a given station 


for some reason is overloaded it is possible to transfer 


one or more feeders to some other station which may 
not be overloaded. Such flexibility is a most desirable 
operating advantage since it permits of transferring 
an overload to some definite place where it can be 
properly handled. Fundamentally, railway traffic 
moves in waves and on each side of the traveling 


ar | wwii = 


— TY 
MERA A 


: 


Fig. 9. Converter Starting and Running Contactor Panel 
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peak-points there usually are stations that are in posi- 
tion to handle more load. 

The scheme is equivalent to adding additional con- 
verter capacity to a system but at a greatly reduced 
cost for station equipment. 


Fig. 10. Automatic Switching Panels for Two Converters and 
Six Automatic Reclosing Feeder Equipments 


Supervisory Control 

The supervisory control for this system is the most 
extensive thus far undertaken. Requirements are 
such that existing standard devices are entirely suit- 


Fig. 11. 


Phantom View of High-speed 
D-c. Circuit Breaker 


able but their application has been modified to the 
speed of operation necessary where 19 stations are 
involved, each of which has many functions to control 
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and indicate. In general, each station has its own 
individual control. This promotes reliability because 
an accident to the control is thereby confined to one 
station only. In the dispatcher’s office there is a semi- 
circular board each panel of which carries the control 
and remote metering for some one station. From this 
panel four control wires radiate to each station for 
supervisory control and indication. Over these wires, 
by means of control buttons, the dispatchers may 
perform the following operations: 

(1). Start or stop each synchronous converter. 

(2). Release each converter to automatic operation. 

(3). Open or close each incoming line oil circuit 
breaker. 

(4). Open or close each d-c. feeder. 

(5). Release eachd-c. feeder to automatic operation. 

(6). Transfer feeders to the auxiliary bus (when 
installed). 

By means of red, white, and green lights on the dis- 
patcher’s board, he has a continuous indication of: 

(1). Running or stopped position of each converter. 

(2). Whether load-limiting resistor contactors are 
opened or closed. 

(3). Sequence in which converters will start in 
double-unit stations. 

(4). Indication whether each high-tension line is 
available for duty. 

(5). Open or closed position of each incoming line- 
circuit breaker. 

(6). Open or closed position of each d-c. feeder. 

(7). Indication whether each d-c. feeder is connected 
to the main bus or to the auxiliary bus (when in- 
stalled). 

(8). Indication whether the station control battery 
is being charged. 

(9). Indication that the station lockout circuit has 
shut down the station. 

(10). Indication whether the station doors are 
locked or unlocked. 

As an example of performance, suppose the dis- 
patcher wishes to start a station independent of its 
automatic functioning, he first goes to the particular 
panel of the board controlling that particular station. 
By turning a key and pulling a button he will, within 
a maximum of five seconds, establish a direct circuit 
between his board and the relay to be operated in the 
distant station. A yellow light will appear which gives 
him a check that the circuit has been correctly estab- 
lished to the distant relay. He is then free to push a 
button which closes the relay and a red light appears 
to show the operation has been correctly performed: 

If during operation some automatic device operates 
in a distant station, the dispatcher is immediately ad- 
vised by change in color, red to green or vice versa, of 
the light on his board associated with that device and 
a bell and white lamp calls attention to the change. 

The outstanding feature of this supervisory con- 
trol is the complete knowledge it gives the dispatcher 
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at all times of every important function in each sta- 
tion, even to whether the station door is locked. Also 


. a Station is absolutely under his control to regulate sys- 


tem operation to best advantage. He may transfer 
load from one station to another for reasons of load 
limitation or economy of operation, or, should the 
fire chief order all lines cut out in a fire area, the dis- 
patcher can do so more quickly than it would take 
to give verbal instructions. l 
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Fig. 12. Drawing of a Dispatcher’s Supervisory Panel for a 


Two-unit Converter Station 


The relays establishing a control.circuit operate 
within a minimum of ¥% sec. and a maximum of 5 
sec., which gives approximately 21% sec. per operation 
as the average. After the control circuit has been 
established, the operation of the device and indication 
back is almost instantaneous and is dependent only on 
how fast the dispatcher can push the operating button. 

On each panel in the dispatcher’s office is a record- 
ing and indicating ammeter and voltmeter which 
gives a record of the ampere load on each converter 
in the system and the bus voltage for each substation. 
This provides a permanent record of all load condi- 
tions and permits an accurate study to effect economy 
of operation. Remote metering, together with the 
private telephone system, requires four wires between 
the dispatcher’s office and each substation. 
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Various Methods of Connecting Indicating 
Wattmeters 


PART I 


Three-phase Three-wire Circuits—Three-phase Four-wire Circuits—Single-phase and Polyphase 
Instruments—Various Combinations of Current and Potential Transformers— 
Power-factor and Voltage Balance Considerations 


By JOHN AUCHINCLOSS 
Switchgear Engineering Department, Philadelphia Works, General Electric Company 


HILE much has been 

written on energy meas- 

urement for billing pur- 
poses by means of the integrating 
watt-hour meter, comparatively 
little information has been pub- 
lished regarding the measurement 
of power for other purposes by 
means of the so-called indicating 
wattmeter. Since no billing is 
done from the latter method of 
measurement, operating compa- 
nies may sometimes be tempted 
to sacrifice accuracy for the 
sake of avoiding added invest- 
ment in large instrument transformers. While in 
some unusual cases this attitude may be justified, it 
should not be taken without a thorough understand- 
ing of the lowered accuracies inherent in such com- 
binations, and afterward the operator should not 
permit everyday usage to cause him to forget these 
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Fig. 1. 


in a Three-phase Three-wire Circuit 


limitations. These methods will be described in 
Part I of this article, together with their shortcom- 
ings in accuracy; and other methods of greater accu- 
racy will be detailed in Part II. In both parts, only 
three-phase power circuits and connections for instru- 
ments of the dynamometer type will be considered. 


THREE-PHASE, THREE-WIRE CIRCUITS 


Neutral, Isolated or Grounded for Protection Only 
(No current carried over neutral) 
Two of the simplest methods of measuring power 
in this class of circuits are: 
(a) Single-phase instrument with one current 
transformer and two potential transformers. 


About a year ago we published 
an article on methods of syn- 
chronizing and another on trans- 
former polarity and connections, 
both by Mr. Auchincloss. Their 
usefulness to operating engineers 


was later evidenced by many ap- 
preciative comments we received. 
It ts with pleasure therefore that 
we have succeeded in securing this 
article of a similar character from 
the same author. —EDITOR 


Subtractive. 


Single-phase Wattmeter with One Current Transformer and 
Two Potential Transformers Connected to Measure Power 


(b) Single-phase instrument 
with two current transform- 
ers and one potential trans- 
former. 

The connections for Method 
(a) are shown in Fig. 1. In the 
Y resistance box, the resistors R, 
and R, must each be equal in 
value to the combined resistance 
of R: plus the instrument poten- 
tial coil, otherwise the point O 
would not be a true neutral. The 
torque is proportional to ezt: cos 
Qs, as Shown in Fig. 2, where e3 is 
the leg voltage, +, the current in 
line 2, and a; the angle of displacement, if any, 
between them. This torque is proportional to the 
power flowing in one line only. If however the powers 
in all three lines are equal, t.e., if e111 COS Q1=é2 13 
COS Œ= €; 13 COS Q; it is clear that if the scale of the 
instrument be multiplied by 3 it will read the total 
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Fig. 2. Vector Relationship Determining 
the Instrument Torque for the Con- 
nections Illustrated in Fig. 1 


three-phase power directly. Since it measures the 
power in line 2 only, however, its readings will be 
in error if the powers in the other two lines differ 
from that in line 2. Due to the fact that only one 
current transformer is used, this method does not 
lend itself readily to relaying. 

The connections for Method (b) are shown in Fig. 3. 
Here two current transformers are used and therefore 
are available for relays or other devices which may be 
connected inside the cross-connection. 

As will be seen from Fig. 4 (a), the current through 
the meter is the vector sum of the currents in phases 
1 and 3, one of these currents being reversed. Since 
this reversal changes the displacement angle between 
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them from 120 to 60 deg., the resultant current Jy is 
v3 times the current in lines 1 or 3. If 5 amp. repre- 
sents the normal full-load current in these lines, then 
the current coil of the instrument should be designed 
to carry continuously 5X V3, or 8.66 amp. It will also 
be noted that the resultant current Jy is, at unity 
power-factor with balanced currents and voltages, 
exactly in phase with the line voltage E3_,, and the 
torque is V 3Ei, which is the true power on a balanced 
three-phase system at unity power-factor. ® 

For unbalanced currents at power-factors other 
than unity, the torque is: 


E3~-; [21 cos (30°— a) +73 cos (30°+a3)] (1) 
which reduces to: 


E,- (0.866 4: cos a)+0.5 i sin ay 
+ 0.866 13 cos @3—0.5 13 sin a3) (2) 


Now the torque developed by the standard two- 
element meter (which is known to be correct for 
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Fig. 3. Variation of the Connections in Fig. 1 to Employ but One 
Potential Transformer and Two Current Transformers 


any condition of unbalance or power-factor) is, from 
Fig. 5: 


E,-, [zi COS (30°+ a) +E:-3 [13 cos (30° — Qs) | (3) 
which reduces to: 


| (0.866 1) COS a,—0.5 tı sin a) 
+ E2-3 (0.866 23 cos æs+0.5 23 sin @;) (4) 


Comparing Equations (2) and (4) it will be observed 
that the sine terms have opposite signs, t.e., where a 
sine term is positive in (2) it is negative in (4) and 
vice versa. Consequently, on unbalanced currents the 
torque of the single-phase instrument shown in Fig. 3 
is not the same as that developed by the polyphase 
instrument shown vectorially in Fig. 5; and since the 
latter is known to be correct, the former must be 
erroneous. 

If, however, we have the condition F,-,.=EF 2-3 
=f3;-,=F, then Equation (2) becomes 


E (0.866 ji cos ay +0.5 7, sin ay 
+0.866 73 cos a@3—0.5 23 Sin as) (5) 
and (4) becomes |. 


E (O.S66 1) COS a,—0.05 1) sin a) 


+0.S66 13 COS Q3+ 0.0 13 sin a3) (6) 
3) Throughout this article e will be used to denote a leg voltage or volt- 
age from line to neutral while E will represent a voltage between lines. 
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Furthermore, if the watt load is also balanced, 7.e., 
11=13=1 and @=a@3;=a, then (5) becomes 
E (0.866 2 cos a+0.866 1 cos æ) (7) 
and (6) 
E (0.866 + cos a+0.866 4 cos æ) (8) 


Since Equations (7) and (8) are now exactly alike 
we may conclude that, in general, the torque of the 
single-phase instrument agrees with that of the polv- 
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(a) (b) 
Vector Relationships Determining the Torque for the 
Connections Shown in Fig. 3 


Fig. 4. 


phase instrument only when the currents and volt- 
ages are balanced. For example, assume a singles 
phase load of i amperes connected across phases 
l and 3 of a three-phase circuit. By reference to 
Fig. 3, it will be evident that the current in the 
meter coil derived from this load is 2i amperes; 
and consequently the reading on the meter is twice 
as high as it should be because it is proportional to 
2 Ei cos &œ instead of Et cos œ. This conclu- 
sion does not, of course, deny that there may be cer- 
tain sporadic conditions of unbalance in which the 
single-phase instrument reads correctly but in general 
balanced conditions are necessary for correct read- 
ings. This does not necessarily imply unity power- 
factor, however. 


1] ; 
30*A 7 1% 
30°-Q3 
E}-2 E 2-3 
Fig. 5. Vector Relationship for the Torque in a Standard 


Two-element Meter 


Summarizing these two methods we find the results 
very similar. Neither can be used ona system where 
the currents and voltages are unbalanced among the 
phases; and the choice of either for balanced condi- 
tions will depend solely upon whether current or 
potential transformers are the most expensive for a 
particular installation. In comparing costs, however, 
the adaptability of Method (b) to the use of pro- 
tective relays should not be overlooked. 

Another connection sometimes suggested for meas- 
uring power by means of a single-phase wattmeter is 
shown in Fig. 6 (a), while the current and potential 
relations are as shown in Fig. 6 (b). From the latter 
diavram it 1s apparent that the scale reading mav be 
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multiplied by 2 to give a correct indication, since the 
torque at unity power-factor is: 


Ei cos 30° or 0.866 Ei 


Nevertheless, at power-factors other than unity the 
indications are decidedly incorrect. For example, if 
the rotation be as indicated by the arrow, then at 
30 deg. lead the torque will be porportional to Ei 
which, with the multiplier of 2, will give a total reading 
of 2F1, whereas in reality it should be only: 


v3 Ei cos 30° or 1.5 Ei 


E2- 
(a) (b) 
Fig. 6. Single-phase Instrument with One Current Transformer and 
One Potential Transformer Connected to Measure Power in a 
Three-phase Three-wire Circuit - 
At 30 deg. lead, therefore, the meter indication 1s 
33.3 per cent high. On the other hand, at 30 deg. lag 
the torque is only: 


Ei cos 60° or 0.5 Et 


This quantity, multiplied in the scale by 2, gives a 
total reading of Ert which, since the true power is 1.5 
Ei, is 33.3 per cent low. This connection is, therefore, 
correct only at unity power-factor and (since but one 
current and one voltage are measured) only on 


Source 
3 2 1 


iat aler 


Wattmeter 


Load 


Fig. 7. Standard Polyphase Wattmeter with One Potential 
Transformer and Two Current Transformers Connected to 
Measure Power in a Three-phase Three-wire Circuit 


balanced conditions of both voltage and current. These 
limitations of power-factor and voltage and current 
balance reduce the application of this connection to 
a very restricted field. 

Another method which has been employed on 
high-voltage lines, utilizes a standard polyphase watt- 
meter, but, on account of the cost of high-voltage 
potential transformers, only one of these has been 
used. The connections are as shown in Fig. 7. 
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In this method the potential coils are connected in 
multiple and one current coil is reversed. This 
reversal is necessary to bring the current in phase 3, 
Fig. 8, to a 30-deg. displacement from the voltage 
E,-1 instead of its normal displacement of 150 deg. 

The torque developed by this instrument is: 


T=E;-, {[i cos (30°— a)] 


+ [is cos (30°+ as)]} (9) 
= Fy-, (1; cos 30° cos a, +12; sin 30° sin ay 
+i; cos 30° cos a@3— 13 sin 30° sin a3) (10) 
= Ez- (0.866 11 Cos Q+ 0.5 11 sin a1 
+ 0.866 13 cos @3—0.5 23 sin a3) (11) 


which we find is the same as Equation (2) thereby 
showing that the polyphase instrument connected as 
in Fig. 7 is at the same disadvantage as the single- 
phase instrument shown in Fig. 3, in that it is 
— upon voltage and current balance. 


a 


aa 8. Vector Diagram Showing the ee for Having 
Reversed One Current Coil in Fig. 7 


Fig. 9. Diagram Illustrating the Polarity Relationship in a 
Single-phase Wattmeter Connection 


It will be noted that both methods require two 
current transformers and one potential transformer. 
‘The auxiliary equipment in both cases is therefore the 
same, but the single-phase instrument with its one 
element gives practically the same result as would a 
polyphase instrument with its two elements. 

If relays are used, however, the wiring will cost 
slightly more for the single-phase meter inasmuch as 
the relays must be connected inside the cross- 
connections, thereby requiring a four-wire run to the 
switchboard in place of a three-wire run for the poly- 
phase meter. 

While the theory of operation of these instruments 
may be perfectly clear from the vector diagrams 
accompanying the various connection diagrams, the 
reasons for the actual electrical connections may not 
be so readily apparent. In connecting up any per- 
manent-magnet type of instrument on a direct-current 
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circuit or a multi-coil type instryment on an alter- 
nating-current circuit, it is obvious that to obtain a 
positive deflection on the scale a certain definite 
polarity relationship must be established between 
the permanent magnet and operating coil in the 
first case and between the several operating coils in 
the latter. Alternating-current ammeters and volt- 
meters in general, having but one operating circuit, 
are immune from any polarity requirement. 

. On the other hand the wattmeter, which must 
measure both current and voltage, requires two operat- 
ing coils and to obtain a positive deflection on the 
scale it is obvious that the required instantaneous 
direction of current through both coils must be known. 
From Fig. 1 it is evident that, in this particular 
instrument, if at the instant chosen the left-hand 
potential stud is positive, the left-hand stud of the 
current coil must also be positive. The relationship 
will result in a positive deflection over the scale when 
both coils are energized. If the relative polarity of 
either coil were reversed, the deflection would be in 
the opposite direction or below the zero mark. 


l 


3 


Fig. 10. Phase Position 90 deg. Earlier 
Than That Shown in Fig. 9 


To determine this relationship, it is desirable to 
assume the system to be “frozen” at a particular 
instant in the voltage cycle. For example, in Fig. 9, 
at unity power-factor we assume a stationary condi- 
tion at the instant when phases 1 and 3 are positive 
and phase 2 negative. We will have tı cos 60 deg. or 
0.5 2; and 23 cos 60 deg. or 0.5 13 flowing toward the 
load and t, or 0.5 2:+0.5 23, returning to the source 
of power. 

While this condition will be continuously changing, 
it is obvious that a relationship established at any 
particular instant will hold true for any other instant 
throughout the cycle. For example, at 90 deg. earlier 
in the cycle, as shown in Fig. 10, the current in phase 2 
and consequently the current in the current coil of 
the meter will be zero, ® but so also will be the cur- 
rent through the potential coil for at this particular 
instant the potential of phase 3 is equal and opposite 
to that in phase 1 and the voltage cross leg 2 is zero. 

The torque developed by the polyphase two- 
element meter on a three-phase three-wire circuit has 
already been considered, asin Fig. 5 and Equation (3). 
The connections for this instrument are illustrated 
in Fig. 11. To obtain a positive deflection of the 


(?) Double arrow in vector and connection diagrams indicates instant of 
no current flow. 
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pointer it is essential, due to the polarity of the 
meter, that the relative instantaneous directions of 
the currents in the current and potential coils be as 
shown in this diagram‘: The particular instant chosen 
is that at which phases 1 and 3 are of equal value and 
positive to phase 2. At this moment, currents will 
flow through the primaries of the potential trans- 
formers from a to b and from d toc. Since the polarity 
of these transformers is subtractive,* the secondary 


Source 
3 2 


] 
Polarity Marks 


Fig. 11. Two-element Polyphase Wattmeter with Two Potential 
Transformers and Two Current Transformers Connected to 
Measure Power in a Three-phase Three-wire Circuit 


currents will flow from b to a and from c to d; con- 
sequently the direction through the potential coils 
of the meter will be from a to b and from d toc. 

At this same instant the direction of the currents 
in the primaries of the current transformers will be 
from a to b and from c to d which, since their polarity 
is also substractive, will result in corresponding 
secondary currents from b to a and from d to c. 
Consequently, to obtain a positive summation of 
the torques of both elements of the meter, the ends 
b and d of the current transformer secondaries must 
connect to studs b and d, respectively, of the meter, 
with studs a and c connected to the common point 
a and c of the transformers. 


(a) (b) (c) 


Fig. 12. Unity Power-factor Balanced-load Phase Positions 


for the Connections Shown in Fig. 11 


The phase positions for these connections at 
unity power-factor and balanced load are shown in 
Fig. 12 (a), (b) and (c). Fig. 12 (a) and (b) are com- 
bination vector and connection diagrams intended as 


` connecting links between Figs. 11 and 12 (c). Here it 


will be noted that the arrows in the vector dia- 
gram, Fig. 12 (c), are all below the horizontal line, 
x—y, and consequently the forces in the meter are 
all positive. If, however, the actual connections 
are made as shown in Fig. 13, t.e., with the ends b 


*A complete description of the method of determining additive and 
subtractive transformer polarity, and of the resulting influence upon trans- 
former connections, appeared in the article, ‘‘Notes on Transformer Polarity 
and Connections”: Parts I and II, by J. Auchincloss, in the November and 
poe 1926, issues of this magazine, pages 783 and 862 respectively — 

DITOR. 
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and d of the current transformer secondaries con- 
nected to studs a and c, respectively, of the 
meter, the resulting deflection would be negative. 
The vector diagram of the meter forces would then 
be as shown in Fig. 14, in which the total torque, 
instead of being Es cos 30°+ Ez cos 30° or 1.732 Ei 
becomes 
Ei cos 150°+ Ei cos 150° 
= — Fi cos 30°+(— Et cos 30°) 
= — 1.732 Ei. 


Source 
3 2 ] 


Fig. 13. Incorrect Polarity Variation of the Connections 


Shown in Fig. 11 


The total torque is therefore negative. Obviously, 
if the connections to the potential coils were reversed, 
instead of those to the cur- 
rent coils, the same nega- 
tive torque would result. 

Still another erroneous 
connection of this meter is 
shown in Fig. 15. The torque developed with this 
connection at unity power-factor and balanced load 
is as shown in Fig. 16. 


1 1; 


T=E {1; cos (30°+ a) 


150° 150° 


E 1-2 E 2-3 
Fig. 14. Vector Relationship for the Torque of the 
Instrument in Fig. 13 


Under the conditions stipulated the forces set up 
in the respective elements of the circuit diagram (as 
shown in this article) give rise to a balance of torque, or 
the total torque is zero, which is determined as follows: 

Right-hand Element Left-hand Element 


Ei cos 30° + Ei cos 150° 
= 0.866 Et — 0.866 Ei 
=0 


Under other conditions it will be either positive or 
negative, depending upon the sign of the algebraic 


Right-hand Element 
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sum of the two individual torques. For example, if 
the meter is operating on a balanced load at a power- 
factor of 86 per cent lag, corresponding to a displace- 
ment angle of 30 deg., the vector relations will be as 
shown in Fig. 17, and the total torque will be: 
Right-hand Element Left-hand Element 
Ei cos 60° + Ei cos 180° 
=0.5 Es — Ei 
= —0.5 Er 
which would give a negative deflection of the pointer. 


Source 
3 2 2 


Fig. 15. 


Another Incorrect Variation of the Connections 
Illustrated in Fig. 11 


The general case, assuming balanced voltages, may 
be derived from Fig. 18 as follows:. 


Left-hand Element 
de is cos (150°+ a3) } 


= E (i, cos 30° cos æı— tı sin 30° sin @; + t; cos 150° cos a@s3—723 sin 150° sin as) 
= E (0.866 1; cos a1—0.5 tı sin Q 


— 0.866 13 cos &3—0.5 i3 sin a3) 


which, when 7,;=73=2 and a,;=a@3=a, becomes 


T=— Eisin a. 
iz 
1,“ 30° 7 150° 
E -2 E 2-3 


Fig. 16. Vector Relationship for the Torque of the Instrument 
in Fig. 15 Under Conditions of Unity Power-factor and 
Balanced Currents 


Tħis gives a negative deflection proportional to the 
sine of the displacement angle. 

If an approximately true estimate of the total 
power is obtainable (by voltmeter, ammeter and 
power-factor meter, or by other means) an incorrect 
wattmeter connection may frequently be detected by 
a consideration of the foregoing equations or from 
others similarly derived. 

As long as no power is carried over the neutral wire, 
the total three-phase power can be accurately 
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measured by the two-element wattmeter when con- 
nected as shown in Fig.11. It is axiomatic that the total 
power consumed on an n-phase circuit must be the 
sum of the powers consumed in the individual phases. 
Consequently, on a three-phase circuit the total 
power must be the sum of the powers flowing over 
each phase, or e12;+6€212+¢313. To measure these three 
quantities, however, three wattmeters would be 
required the potential coils of which must be energized 
by the three star-voltages, e1, €2, and es. Since however 
on a three-phase three-wire system, the entire load is 


E\-2 


C2-3 
Fig. 17. Vector Relationship for Same Conditions as in Fig. 16 
Except That the Power-factor is 86 Per Cent Lagging 


carried between phases, and the neutral, being not 
required, is seldom available, there is a decided 
advantage in measuring the power in terms of the 
delta-voltage, E, instead of the star-voltage, e. Now 
the equation for the total power in terms of the star- 
voltages, e11:+¢3t2+¢313, may be transformed into 
terms of the delta-voltages as follows: 


€1 +2 totes 13 


= 1 11 — l2 11+ 2 tite t2 Fes 13 — e: 13t e13 


= fı (e1— e2) tee (411 +12+123) +13 (e3— e2) 


l3 
150°+ X3 
l 304x 


F1-2 E 2-3 
Fig. 18. General Relationship for Balanced Voltage 
Conditions in Fig. 15 


which, since 1; + t2-+ 723 = 0, becomes 1; (e; — €2) +13 
(ea— er) = FE,-2 tı + Es-2 13 
or in scalar form, at unity power-factor, 

FE\-2 tı cos 30° + E3-2 73 cos 30° 


The total power therefore may be measured by means 
of two wattmeters, either separately or connected to 
a common shaft. 
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THREE-PHASE FOUR-WIRE CIRCUITS 

Power Carried Over the Neutral 

When however power is carried over the neutral, or 
fourth wire, the equation 11+72+73=0 no longer holds, 
and the instrument must measure in accordance with 
the fundamental equation e1 21+ ¢: t2+¢313. This obvi- 
ously requires the use of three meters, either imdi- 
vidual or combined on a common shaft. If however 
the three voltages, ¢:, €, and és, are reasonably well- 
balanced, a fairly accurate reading may be obtained 
by using a two-element meter equipped with four cur- 


Source 
O ,3 2 


Fig. 19. Three-current-coil Two-potential-coil Instrument with the 
Same Number of Instrument Transformers Connected for Measur- 
ing Power in a Three-phase Four-wire Circuit 


rent elements, one of which is really a single element 
split in two sections, one section operating with the 
voltage, eı, and the other with the voltage e3. It is 
therefore simply a three-current-coil device having 
one coil in two sections. The connections for this 
instrument are shown in Fig. 19, and the vector 
diagram in Fig. 20. 

From this vector diagram, the torque, at unity 
power-factor, is: 


€1 tit: t2 cos 60° +e; 12 cos 60° + es i3 
=@) 1:+0.5 €i t:+0.5 e3 totes ts 


A ly 
li 13 
12 12 
(a) (b) 


Fig. 20. Vector Relationship Diagram of Connections 


Shown in Fig. 19 


but if the voltages are balanced: 
0.5 e,+0.5 e3=e, 
so that the torque may be written: 
e (11+ 12+173) 


If however the voltages are not balanced the meter 
reading is obviously not correct, but only by the 
amount by which the torque of the middle coil (phase 


(12) 
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2) is erroneous, for the currents in phases 1 and 3 are 
operating with their true voltages eand esrespectively. 
Since the current in phase 2 is responsible for approxi- 
mately only one-third of the total torque, any error aris- 
ing from it is greatly diminished in the total reading. 

Another method for measuring three-phase four- 
wire power, but employing an ordinary polyphase 
wattmeter equipped with two current and two poten- 
tial coils, is shown in Fig. 21. Here the current trans- 
formers are connected in delta and since there are 


three of them they are affected by the currents in all- 


three phases and the currents external to the delta 
are the vector summations of the currents flowing in 
the lines. Any current flowing over the neutral wire is 
measured by the current transformer through which it 
passes and thence carried to the wattmeter over the 


Source 


Connections of the Two-coil Polyphase Wattmeter Used in 
Place of the Three-coi] Instrument in Fig. 19 


Fig. 21. 


delta-connection. For example, if the current flowing 
over line 2 is greater than that passing over lines 1 and 
3 (single-phase load) this difference will flow over the 
neutral line, O. This excess current, however, will 
also appear in the delta-connection to the meter and 
be duly measured. In other words, instead of the three 
individual currents being measured by three meter 
coils, as in the previous method, their vector sum- 
mation is measured by two meter coils; but as in 
Fig. 3, these coils must be designed to carry /3X5 
amp., instead of the regular 5 amp. carried by the 
three-coil meter just described. The torque developed 


is shown in Fig. 22. It will be noted from Fig. 21 that- 


the connections to the coil energized by current X is 
reversed. THis is done to obtain a positive torque 
with the potential e; as is shown by the vector diagram 
in Fig. 22, otherwise the torques of the two elements 
would be in opposition and the pointer would measure 
their difference. By this reversal the current X is 
displaced (at unity power-factor) from e, by 30 deg. 
while the current Y is displaced 30 deg. from potential 
és. X is made up of line currents 2; and 12, while Y is 
made up of tz and 13. 

The torque on a balanced load at unity power- 
factor is therefore: 


eı X cos 30°+¢e;3 Y cos 30° 
but X=Y=v/3 i and e:=e3 so that this expression 
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becomes 2 1/3 eî cos 30°=3 e i, or on an unbalanced 
load it is: e; 1; COS @i+6; tg cos (60°— as)-+é3 iz cos 
(60° + as) +e; 13 cos œs Which, when e; = e3 = €3, becomes 


e (îi COS Qi+t, COS s+ is COS Os). 


This, it will be noted, is the same as Equation (12) 
developed for the three-current-coil meter previously 
described. The meter under present consideration 
therefore labors under the same disability, in that for 
extreme accuracy it is dependent upon equal voltages 
on all three phases. One disadvantage of this method 
lies in the fact that if ammeters are to be connected 
to the same current transformers, the delta-con- 


Fig. 22. Diagram Showing the Occasion for Having Reversed the 
Connections to the Coil Energized by Current X in Fig. 21 


nection must be made beyond them. In other words, 
the ammeters or other 5-amp. devices must be con- 
nected inside the delta. Obviously, the reading of an 
ammeter connected outside the delta would be mean- 
ingless so far as any measure of the line current is 
concerned, since it would be a composite of two line 
currents which would vary both with the power-factor 
and current balance-factor. This would mean that if 
the instruments were mounted on a switchboard, the 
interconnection between the current transformers 
would have to be made at the switchboard instead 
of at the transformers, thereby necessitating a run of 
six leads from the transformers to the switchboard 
instead of the four required by the three-coil meter. 

Since both these methods measure only two of the 
leg-voltages they are, as previously stated, dependent 
for their accuracy upon balanced voltage conditions. 
For accuracy on unbalanced voltages, all three leg- 
voltages would have to be measured, necessitating 
the use of three potential transformers instead of two, 
together with a meter equipped with three potential 
windings. This latter method of measurement would 
obviously cost much more; and while the expense may 
be justified in the case of the integrating watt-hour 
meter, the readings of which are used for billing 
purposes, it will seldom find justification for indicating 
instruments only. 


(To be continued) 
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Balloons— Balloons 


By L. C. PORTER and A. C. ROY 
Engineering Department, Edison Lamp Works, General Electric Company 


IGHT for decoration is being used with ever- 
L increasing effectiveness both indoors and out, 
at Christmastide, and at midsummer lawn 
parties. For such purposes, soft lighting, rich in colors, 
iS most suitable because the lighting is but one of the 
attractions and should reveal the others to advantage, 
not compete with them. Light of this character can 
be produced most readily through the use of large- 
size sources, a new and unique type of such a source 
being the ordinary ten-inch rubber balloon into which 
a Christmas-tree lamp has been inserted. 


gs i 


for use with balloons. For best effects, red lamps 
should be used in red balloons, yellow lamps in yellow 
balloons; green balloons will require white lamps, 
and in blue balloons clear lamps should be used, other- 
wise the absorption of light would be too great. 

In large installations or other cases where it would 
be unduly bothersome to match the color combina- 
tions of the balloons and lamps, clear bulb lamps can 
be used throughout. In fact, the bright spot of light 
caused by the filament of the clear lamp is considered 
by some observers to be more attractive than the 


Fig. 1. A Decorative Scheme of Lighting for a Banquet 


Last summer the spacious grounds of the Broad- 
moor Hotel at Colorado Springs were lighted in this 
manner. In one court the balloons were hung in 
vertical -strings from the limbs of the trees, the lower 


ends of the strings being free to swing in the wind, - 


- as shown in the front cover illustration of this issue. 
Each individual string was operated through a 
flasher button, and the combination of swinging and 
flashing was very attractive. Fifty to sixty flashes a 
minute has been found to be the most effective rate 
for decorative lighting of this character; but flashing 
had best be confined to outdoor installations, as 
indoors it may prove somewhat annoying. 

The ordinary eight-lamp, series, Christmas-tree 
strings using cone-shaped lamps are the most suitable 


more uniform illumination of the balloon by a colored 
lamp. The use of clear-bulb lamps has the further 
advantage that it lessens the tendency of the rubber 
to stick to the bulb when inserting the lamp in the 


balloon. 


Whenmakinganinstallation oflighted balloons, much 
time and effort can be saved by first “lamping” and 
testing all the strings. Occasionally a defective string 
or an open-circuited lamp will have been included, and 
if so it will be much easier to locate and replace 
before the balloons have been put on the lamps. 

The next operation is to inflate each balloon to 
somewhat less than full diameter, about nine inches, 
thereby allowing for later expansion due to the heat 
of the lamp. With the neck of the balloon pinched 
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tight between the thumb and forefinger of the left 
hand, the point of the lamp bulb can be inserted into 
the open end of the neck with the right hand. Both 
hands are then used to work the neck of the balloon 


— 
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just prior to inserting it in the rubber neck). It is not 
necessary to tie the neck of the balloon to prevent air 
leakage, for the stretching of the neck around the 
lamp makes an air-tight joint. 


— 


Fig. 2. 


Fig. 3. A Lawn Decorated by Groups of Lighted Balloons of Unusual Shape and Also 
Spherical Balloons Bordering Flower Plots as Shown at the Left 


over the lamp bulb until the entire bulb is inside the 
balloon and the neck of the balloon is bunched around 
the lamp between the shoulder of the bulb and the 
end of the socket. (This operation can be accomplished 
more readily if the lamp has been dipped into water 


The work of putting the balloons on the lamps can be 
done in a surprisingly short time. For example, one of 
the writers has inflated and put on 147 balloons in less 
than an hour in a case where strings were all in place 
and mostof the attaching had to be done from a ladder. 
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The complete dining room installation shown in Fig. 1 
was accomplished by four men in about three hours. 

A new installation of lighted balloons should be 
burned for a couple of hours before needed, as this 
will furnish opportunity to weed out the few balloons 
which have small pin-holes that will deflate them and 
also any lamps that burn out prematurely. The 
remaining balloons and lamps are likely to continue 
in service for a considerable time. The length of life 
of the balloons depends of course upon their location, 
and to some extent upon whether they are of a light 
or dark color. The light-colored balloons usually last 
longer, probably due to less heat absorption. 

When installed indoors, balloons have remained 
inflated for more than two weeks; but outdoor instal- 
lations, exposed to the hot summer sun, may require 
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lighting. The lamps are too big to go through the 
necks of the balloons and the heat they generate 
rapidly deteriorates the rubber. 

An interesting departure from spherical balloon 
lighting can be made with rubber balloons represent- 
ing donkeys, rabbits, monkeys, alligators, frogs, 
devils, reindeer, etc., as shown in Figs. 3 and 4. 

Inserting the lamps in balloons of such special forms 
is not as conveniently accomplished as in the case of 
the ten-inch spherical balloons, and usually it necessi- 
tates cutting a foot, hand, or tail off the animal to 
provide adequate entrance for the bulb. A rubber band 
stretched tightly several times around the amputated 
limb and lamp socket will seal the balloon, though it 
has been found advisable also to take precaution to 
double over upon itself the small neck and rubber 


Fig. 4. A Menagerie Comprised of Rubber Balloons of Special Shapes 
Lighted by Lamps Within 


a new set of balloons every day. An installation of 
some 100 balloons for outdoor Christmas lighting 
(Fig. 2) required relatively few renewals between 
Christmas and New Year’s Day, though some of the 
balloons shrunk considerably in size. Apparently, 
mid-winter weather is not as severe on the thin 
rubber as is the hot summer sunshine. In this par- 
ticular installation it was later found much more 
effective to outlinethe house thanto have all the strings 
in a row or hanging straight down as shown in Fig. 2. 

When ordinary eight-lamp Christmas-tree strings 
are to be used outdoors on direct-current circuits, 
and the lamps have been screwed into their sockets, 
the combination of lamps and sockets should be 
dipped in a bath of paraffine wax that is only a little 
above the melting point so that when the lamp and 
socket is removed the coating of wax will solidify 
quickly. This will prevent rain running down into the 
socket around the leading-in wires and eliminate the 
possibility of arcing. When the strings are used on 
alternating-current circuits, this precaution need not 
be taken. 

‘Multiple, outdoor, Christmas-tree lighting outfits, 

which use larger lamps, are not satisfactory for balloon 


plug that is used when inflating the balloon and to 
wind an additional rubber band around it. 

If the animals are to be placed so that they will be 
viewed from one side only, nearly as good a lighting 
effect can be obtained and much trouble saved bv 
simply placing a lamp behind the balloon. 

In any installation of a number of strings, it is 
advisable to have a few reserve strings complete with 
lamps and balloons for then any string that goes out 
of service can be quickly replaced and the defective 
string repaired at leisure. Replacing the strings where 
they are hung from trees is most easily accomplished 
by the use of cords running through iron rings which 
are tied to the tree limbs, thus permitting the entire 
balloon string to be lowered conveniently. The slack 
cord can be wound on two nails preferably driven 
into a stick tied to the tree trunk to avoid injuring the 
tree. This feature may be noted in the installa- 
tion that is illustrated on the front cover of the 
magazine. 

The beauty of the big soft-colored balloons and the 
ease with which the strings can be draped about and 
simply attached to the nearest outlet, should make 
this form of decorative lighting very popular. 
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Heaviside’s Operational Calculus as Applied 
to Engineering and Physics 


General Equations Pertaining to Transmission Lines. Open and Short- 


Part XIV: Duhamel’s Integral 
Part XV: 
circuit Conditions of “Ideal” Cable 
Part XVI: An Alternator Suddenly Connected to an “Ideal” Cable 
Part XVII: 


Transmission Line Having All Four Constants R, L, G and C 


Part XVIII: Transmission Line with Impedance at the Sending and Receiving Ends 


Part XIX: 


Two or More Transmission Lines of Different Constants Connected 


Together by an Impedance or Shunted at Their Junction by an 


Im ce 
Part XX: 


A Battery Connected at Some Point of a Cable 


By DR. ERNST JULIUS BERG 


Consulting Engineer, General Electric Company 
Professor of Electrical Engineering, Union College 


HE use of Duhamel’s integral is often very 

advantageous when dealing with an impressed 

e.m.f. which is not of ‘‘unit function” shape. 

It is especially convenient when dealing with pro- 

blems involving ‘“‘distributed’’ constants, as is the 
case in transmission line or heat calculations. 

The procedure then is: Find first the solution in 
the case of unit function; let this be (t). Let (0) be 
the value g(t) when t=0. Let the impressed e.m.f. 
be e(t), and let e(u) be e(t) when u is substituted for t. 
Then one form of the solution is 


c(t) (0) + f e) Fe (tu) du (45) 
r 
L 


Fig. 9 (Repeated) 


Another form is given in Equation (46), and in Part 
XXVIII will be given a number of derivations from 
this formula. 

Before giving the proof of Equation (45), it may 
be well to illustrate its use in a particular case. 
=- Find the current if an emf. e(t)=E sin (wt+¢) is 
impressed on an inductive circuit as shown in Fig. 9. 

The solution with unit e.m.f. is 


thus 


e(u)= E sin (wu+y) 


He 


EER 


an S 


Fig. 27 


m 
_ Ef sin CERE ETA sin (p — ô) 
L r? ; 
Vpt” 


_E . a Pes afi e na 
= 5 (wite 5) €e L sin (y 8) | 


where 


Z=V +u L?, and tan ô= a 
r 


The explanation of this integral which was given 
almost one hundred years ago by Duhamel is per- 
haps best made by referring to Fig. 27. Let the 
e.m.f. be represented by the curved line. The curved 
line can be approached by assuming that at t=0 
an e.m.f. eo suddenly is impressed. A short time after- 
ward another rectangular e.m.f. e, is added, some- 
time after an e.m.f. ez, etc., all these being of “unit” 
shape. The current at time ¢ is then the sum of the 
currents due to eo beginning at t=0, e, beginning at 
t=t,, etc. The current due to é is of course eo y(t) 
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where ¢(t) is the solution with unit e.m.f. impressed 
at t=0. The current due to the small emf. Ae, 
which begins at t=, is obviously Ae y(t—u). There- 
fore the total current at t=1, is 


uml 
i=eov(t)t > Aev(t—n) 
u =(0 
But Ae=e(u+du) —e(u) 
and thus Le = e(ut+du) —e(u) = a e(u) 
u du du 
d 
Therefore Ae = — e(u) du 
du 


<. t=60 g(t) + J g(t—u) $- e(u) du (46) 


This then is one solution which is sometimes con- 
venient to use. The integral may be written 


t 
f vav-[uv] - f vav 
(6) 0 (0) 


Let U=ọẹ(t—u) anddV=de(u) or V=e(u) 


f ot-u id e(u) du 
0 du 


- [e ot-u] - J “el = sada 


Then 


umf d 
=ef) o(0)—e(0) e+ feu) E olt- u) du 
u =O 
and the new expression of Equation (46) becomes 


i=eapli) +e 0-a S e(u) $ o(t—u) du 


=e(t) o(0)+ f et) © ot—w) du 


which was to be proved. 

There are thus in general three ways in which pro- 
blems can be solved when an arbitrary e.m.f. is 
impressed upon a circuit. 

lst: It may be possible to convert the e.m.f. 
into an operator on 7. 


2nd: If the arbitrary e.m.f. contains an exponen- 
tial, Heavisides’ ‘‘shifting’’ may be used. 
3rd: Duhamel’s integral may be used. 


To illustrate the three methods, consider an e.m.f. 
E «4 impressed on a circuit of resistance and 
capacity in series: find the current. 

1 pCr+1 


The resistance operator is r+ — 
j t H 


Method No. 1 


Since E «7”1=E rie 4 the operational solution is 
P? 
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then 
. EpC p p 
= —P_4=EC-———=____{ 
*= oCr+1~* p+B (pCr+1) (p+) 


which, solved by the Expansion Theorem, gives 


A EC es =e) 
Oo ie By Cr : 


Method No. 2 


p= PCO E)1 


7 pCr+l1 
Shift e~™ outside of the operator and get 
t=EC e” ee d = EC Yog 
(p—B) Cr+1 Zipi 


Yip) 


(p) 


by the Expansion Theorem is 


1 (6-5)! 
1—CrB Cr =p 


1 
; EC e G" api 
E| a ] 


Method No. 3 
The solution with unit operator is 1= PLE 
| pCr+1 
E-t 
1=— Eé Cr 
r 


1 R 
Put gl)=1eĒ'. Then g(t—u)= l0" 
r r 


d 1 sda 
= t—u)= — — Cr 
an? Cr 


eu)=Ee™, e(t)=Ee~™ and 9(0)= 1 
r 


— Bt umf u 1 
niset S EÊ e&t du 
T u =0 C 2 


r 


— ĝt 1 u =f 1 
€ E 31 E S 
=E — — e at Ac e)“ dy 
g Cr? “u =0 


—p a] 


In connection with the use of Duhamel’s integral, 
certain expressions seem to appear frequently. 
It is therefore advantageous to record them for 
reference. 
u =f 
eo f e™ sin (wu +ô) du 
uml 
_ sin (at+6— 9) — e “sin (ô— g) 
Vapo? 
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uat 
cof e“™* cos (wu +ô) du 


_ cos (at+5—¢) —e “cos (6—¢) 
V a? -+ au? 
w 


tan g= — 
a 


where 


=f 
or paf e™ sin (wu+ô) du 
u =0 
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_ — cos (wtt+s+y) +e ~“ cos (+y) 


V a? +w? 
uf 
and cof e™ cos (wu +ô) du 
u =0 
Vata? 
where tan y = 2 
U) 


PART XV: GENERAL EQUATIONS PERTAINING TO TRANSMISSION LINES. OPEN AND 
SHORT-CIRCUIT CONDITIONS OF “IDEAL” CABLE 


Heaviside devotes only a few pages out of about 
one thousand to circuits of concentrated resistance, 
inductance, capacity, and mutual inductance. The 
remaining pages deal largely with cable problems 
and more particularly with ‘‘ideal cables” where the 
numerical work becomes fairly simple. 

Consider a transmission line as shown in Fig. 28. 

Let the constants per unit length of transmission 
distance be R, L, C, G. 


The well-known relations between current and 
e.m.f. at any point, distant x from the end, is 


dx dt 
and 
de ði 
O° dx =iRdx+Ldx—. (48) 
Ox ot 
dx 
x 
Fig. 28 
From these we derive 
LAY pp gia =Get+pCe=e(G+pC) (49) 
Ox ot 
ðe ; : 
= =Ri+pLi=1 (R+pL) (50) 
x 
and from these 
d?e 
er =(R+ pL) (G+ pC) e=n’e (51) 


where n is a function of p, that is, of t, but not of x. 
The solution of this equation is well known. It is 


e=A, e+ A: eo (52) 
= A, (cosh nx+sinh nx) + A: (cosh nx —sinh nx) 
= (A,+A;) cosh nx + (Ai— A2) sinh nx 


e= K, cosh nx+ K: sinh nx (53) 


where K, and K: are determined from the terminal 
conditions. 


Since from Equation (49) 


2l ipe Ye 
dx 


= Y feds 


ia [Ki sinh nx + K: cosh nx] 
n 


it follows that 
(54) 


For these equations 


Y=G+C 


and in subsequent equations we shall write Z=R+ pL 


therefore Lf (55) 


so that n?=YZ = 
n 


Fig. 29 


Special Cases 
(1) Open Line (Fig. 29). 
Then 1=0 for x=0; e=E for x=. 


.. E=K, cosh nl + Ky sinh nl 
0= YIK, sinh 0+ K: cosh 0]. 
n 


Since cosh 0 is 1, it is evident that K, must be zero. 


<. e= K, cosh nx 


.. E= K, cosh nl, or K,= E 
cosh nl 
ind. p= pCR” 
cosh nl under 
l Heaviside (56) 
and i= Y E sinh nx 4 conditions. 
n cosh nl 
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The method of solving equations of this type by the 
Expansion Theorem will be shown later. 


(2) Short-circutted line (Fig. 30). 


For x=0, the potential difference=0. Therefore 
e=0 for x=0. For x=l, e=E. 


.. 0= K, cosh 0+ Kz sinh 0 


s: 7 Kı = 0 
and e= K; sinh nx. Forx=l,e=E 
ae K:= 7 E 
sinh nl 
gak sinh nx 
sinh nl under 
Heaviside (57) 
Y ,. cosh nx conditions. 


t= — E ——_9 
n sinh al 

It is not difficult to solve Equations (56) and (57 
in the most general case, that is, with transmission 
lines having resistance, inductance, capacity, and 
leakage, as will be shown in Part XVII. 

At first in order to show more clearly the method 
employed, the application will be made to what 
Heaviside calls an “ideal cable.” A cable which has 
insignificant leakage and inductance and thereforeonly 
two constants, resistance and capacity per unit length. 

No such cable can exist, but many cables closely 
approach this condition. The most serious objection 
to the study of such cable is that the equations do 
not show the velocity of propagation of the current 
and the voltage waves. The advantages are that 
the results obtained are satisfactory for all practical 
purposes and that the mathematical transformations 
are few. 

Open-circuited Case: Referring to the open-circuited 
case and letting Fig. 29 represent such an ideal cable— 
or transmission line—, we have from Equation (56) 


E E cosh nx 
cosh nl 


and 


n cosh nl 


The problem is to solve these operational relations 
by the Expansion Theorem. While it is not necessary, 
it is usually best to introduce trigonometric relations 
rather than hyperbolic. Engineers, at any rate, are 
far more familiar with trigonometric functions 
than with hyperbolic functions. 

In Part XXVIII it will be shown that cosh fa = 
cos a and sinh ja=7 sin a 


If, therefore, we write n? = — m? then n= +jm 
and cosh nx =cosh( + fmx) =cos mx 
and sinh nx =sinh(+jmx) = =f sin mx 
e= FOOSE 4 
cos ml 
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Is— 
Zıp =0 gives cos ml =0 EN P 22 2 oe — l 
2.2: “2 2 
and TE ed | (58) 
2 ! 


where the first value of s is 1, the next 2, etc. We 


2s+1 f 
w, in 


could of course also have written ml = 


which case the first term corresponds to s=0, the 
next s= 1, etc. À 
The question may be raised: is it permissible to 


use the Expansion Theorem? Perhaps one of the roots 
Y p) 


(p) 


of p is zero. If so, would be infinity when we 


substitute p=0. 


Fig. 30 


n?=(R+pL) (G+pC) 


To test it we have 


for p=0 n?= RG or n= =V RG 
Zip) cosh l V RG 
This is not infinity. 
Yop = cosh 0 _ 


In our case G=0O, and thus 


Zip)  coshO — 


for p=0. 


Thus we conclude that the Expansion Theorem can 
be used. Let the problem be to find the voltage 
difference between the two lines and the current 
flowing at any point x (measured from the end of the 
line) at any time ¢ after a storage battery of voltage 
E has been connected to this “ideal”? open-circuited 
cable. 


dZ _ dZ dm 
dp dm dp 
but from Equation (51) — m? = pCR and thus 
2 
—2m dm = CR dp, sila wes Also p = — 2 
dp 2m CR 
ma = —lsin ml. 
dm 
Therefore 
2 
Zz (— 7) isin (-2) se M dami CO 
dp CR 2m 2 
l ý ; 
=+” (-1) (60) 


since sin ml for s=1 is+1. 
sin ml for s=2 is—1 etc. 
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Thus -E > HN CoS mx ca | 
m 


s=l 


TO fas heen hoanio be equal to 1, we get 
(0) 
when substituting the value for m 


Since 


Sees i 5751 TX 
T (B-n 
e= e[t Se 1)° — e 4 CRI | (61) 
sal 


To find the current, substitute the values of Y and n 
in Equation (56). 


Lett since n? = YZ E EA a m is 
n Z n Z R 
-j= E” sin mx 4 

R cos ml 


Yo) 


p G2 in this case obviously becomes Au (-—1)’, =0 
ap 2 Zo 
S$ = 
Thus ->-5 — — = (— 1)* sin mx e - ER! (62) 
s=] 


where m is definied by Equation (58). 
At the battery x=} .. e=E for all values of t, and 


] 63 


9r 


r? 25 r? 
R a — e ECR He ICRI He ECRI... 
Ri 
At the very moment t=0 this series becomes 
i=— = [141-1413 Sateen ] 


which is indefinite. However Equation (63) con- 
verges very rapidly with the smallest values of t, 
so that we can write with a very fair degree of accuracy 


g? 


2E 
1 = —e 4CRP 
Ri 


If l is large, the current which is initially large persists 
for a considerable time; if / is short, the current 
dies down rapidly. 
Thus in the case of a short ideal line the battery 
current is 
e 2E asat ay 
1= —€ 4G 
0 
where Ro and Co are the total line resistance and 
capacity. 
In a circuit consisting of concentrated resistance 
and capacity the current is 
= — AA 
0 
It is thus evident that an “ideal” line or cable may 
with fair degree of accuracy be represented by 
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placing the line capacity in the middle of the line. 
The initial current is, for all practical purposes, 


2E 


1 = — 


RI 


Short-circuited Case: Consider next a short- 
circuited ‘‘ideal’’ cable as is represented in Fig. 30. 

Substituting m for n as in the previous case, Equa- 
tions (57) become 


sp” mx 4 
sin ml | 
(64) 
ja Em COs mx 
R sinml 
Zıp) =0 gives ml=0, x, 27----- or or m= ze (65) 


where s=0 s=l s=? etc. 


Again we have to question whether p=0 is one root. 
n?=(R+pL)(G+ pC). As p approaches zero, n also 
approaches zero, 


= — 


which is not infinity. Therefore p=0 is not a root and 
the Expansion Theorem can be used. From Equa- 
tion (65) m=0 when s=0 and with this value we 


Yo) _ 


get the constant term =~. Therefore when using 


(0) 


Yo we should begin the series with s= 1 


dZ _ dZ dm CR 
e P sido os mil) ( — =) 
dp dm dp 2m 


2 
and po = (= Za) cos md ( — 


(0) 


In solving for e, 


<= S08 me 


2m 


30 m 
i x 2 sin mx €` CR 
.e=Eļ] -+ Ses eera 
l l ml cos ml 
Ss = 
. ST 
or since cos m/= —1, +1, —1, etc., and m= 


f % e` Cre sin 1] 
e=E]~ + nS 66 
+ > OD —— (66) 


By a similar calculation the current is found to be 


has HEDE € — Ege! cos” =] (67) 


s=l 


At the end of the line x = 0, and there 


es l Don bi | 
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In Fig. 31, Curve A, is shown the values of the current 
at the end of such a short-circuited cable. It also 
represents the current quite accurately if the receiving 
device is of small resistance compared with that of 
the cable. 


2P-CR 4 


The unit of time taken is T= = log g3 This 
T? 


particular value was suggested by Kelvin and gives a 


rapidly converging series. 


l -ST 2RCR,, 4 
The exponential term becomes e` CRP = 8 3 


4 2s? 
= —2s* log z = (3) 
€ 3 4 


= apr > (—1) o] 


s=l 


The particular values used pertain to a telephone 


cable No. 19 B.&S. 100 miles long where 
R (per loop mile) = 88 ohms 
C (per loop mile) = 0.054 m.f. 


The unit of time T becomes then att sec. 
1000 


Curve C shows the shape of the current if the battery 
had been connected to the cable during a time interval 
T after which the cable had been grounded at the 
battery. Curves D, E, F, etc. show the received 
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current if the battery had been connected during 
intervals of 2T, 37, etc. before grounding. 

The method of arriving at these curves should be 
apparent from the discussion in Part X. 

Curve C is the sum of the original current beginning 
at ¢=0 and a reversed similar current beginning at 
t=T as shown in Curve B. 


ANNT 
TE 


NSS 
=== 
T 
Cc 
aon a 


S288 SRE ARME 
SRS EL Sees 


Fig. 31. Current at Receiving End of Closed No. 19 B.&S. 
Telephone Cable 


Curve A: Current due to applying E at (=@ 

Curve B: Current due to after an interval T 

Curve C: Actual current which is the sum of the t 

Curves D, E, F, etc: Resultant current when thet battery is grounded 
after intervals '2T, 3T, and 4T, etc. 


Coastants of Cable: 
C =0.054 m.f. per mile of distance 
R =88 ohms per mile distance 
T =unit of time taken as the e “Retardation” 
ia 2i CR lo 4 
x? 8 3 ; 
peel for | =100 miles 
1000 


KESER: 


PART XVI: AN ALTERNATOR SUDDENLY CONNECTED TO AN “IDEAL” CABLE 


Let the problem be to find the value of the voltage 
at any time and place on a short-circuited cable, Fig. 
32, if the impressed e.m.f. is E cos wt and if the switch 
is closed at ł=0. 


We may proceed by either of two routes: by the use of 


2 
P  1=cos wt (from Part VI) or by the 
+a? 


operator e 


use of Duhamel’s integral (from Part XIII). 
In the first case 


fF Sin nx P 
sinh nl p?+a)? 


sinmx p? 


68 
sin ml p?+w? (68) 


Zp) =0 gives two roots + jw and a series of roots 


m=, as discussed in Part XV. The permanent 


term corresponds to the two roots = Jw, and it is 
usually simplest to determine that term ‘in vector 
form by introducing p=jw in the operational solution 
for the unit e.m.f. as has been shown in Footnote (2), 
Part IV. 


sinh nx 


e= , but n?= pCR=jwCR 


sinh nl’ 


thus 
n=Vj V/w0R=V/wCR 45° = ok (1+7)=a(1+7) 
gpsinh [ax (1+7)] 

sinh [al (1+)] 


but the magnitude of sin (a+ 7b) =+/sinh’a+sin*b and 
the slope is obtained from the relation tan y = cosh a 
tan b 


Therefore e= 


n 2 n2 
Thus e= E N ax+sın ea 


sinh? al +sin? al 


where tan ¢; = cosh ax tan ax and tan p: = cosh al tan al 

sinh? ax+sin? ax 

or e a St cos (wt+¢1— p2) 
$ sinh? al +sin? al 


To calculate the transient term it is best to resort 
to the method shown in Part VI. 


hip) = sin ml and hey) = P Hw? 
It is then necessary to find 

Yip 
P hop) hi'i) 


Let 
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a PRO cid OEE IEE pCR Note that the only term involving ¢ is the exponen- 
a ie aa dp’ =? tial; everything else is constant as far as t is concerned. 


<. (t)=k aa 


p hr») 3 cos ml 


g(t—u)=k ea 


OR 


— a(t —) 


cay (eer eee ee 
= (m'+ 2caRr) Mm l . 
= (m +w > cos m e (u) =E cos wu 
e (t) = E cos wt 


©. SRX 
Po) HTT > (=1) l 


ST 


4 
Yip = Ef sin mx =E sin mx 
o) FEP CR 


Yo) . 2Em' sin mx 


k hip Lcos ml (WCR? +m’) 
P hap) hi cp) ( ) One part of the permanent term is therefore 


E pio cos wt 
Referring to Equation (45), Part XIV, the second 
term becomes 


Fig. 32 = 
: e= f — ka e *“"— FE cos wu du 
u =0 
3 2 
2 E (—17 sr.sin PE E E E a cone 
thus €, = LE ~CRh! = —ka SS j where tan gz — 
wt CPR? B+ sta deo 


sal 


and e=e,te, Part of this expression belongs to the permanent 


term. The transient part is 


In using Duhamel’s integral it is again best to drop z 
E kæ 7 ™ cos 


the terms pertaining to the permanent condition e= 
and to use the integral only for the transient term, V a+? 
tele nid toneve that wt hat ou ED At OR 
result obtained is in a familiar form. ( a? Fa) * eel l ORV ST worl 
The solution with unit function was shown to be which by substituting becomes 
s Scene sin 2 E (—1)5 Sr? sin Z 7 CRE 
e= af +2 C1)! ] <> 
s=l ST Srita CR s 


sml 


PART XVII: TRANSMISSION LINE HAVING ALL FOUR CONSTANTS R, L, G, AND C 


Let the problem be to find the current in a short- The solution then will contain three sets of terms, 
circuited line at any time and place after a storage 


Y 
battery has been connected to the circuit. the first corresponding to P the second correspond- 


(0) 


The general operational solution as shown in Part R 
XV is ere i ing to the root pı= — T’ and the third a series, or 
apc OE gg COS nX J (69) 
n sin nl Z sinh nl j-p LO Yo Yp ot S Yp oe 
= pm COS mY 4 _ jm cos mx (70) Zo) phi (p) he (P) pha’ (p) hi (p) 
Z sinml (R+ pL) sin ml y 
Since Zp, is a product, (R+pL) sin ml, one root will (1). Find ae 
(0) 
be p= — Å . The other will be a series of values cor- er 
L s»  Sincen?=(R+pL)(G+pC), n= V RG for p=0 (71) 
responding to sin ml=zero, or ml=sr, or m= —, 
l and Z (0) =R 
beginning with s=1, since the value corresponding _ 
to p=0 is taken care of in the Yo term AO es E T OEV RG (72) 


Zó l La R sinh l VRG 


274 May, 1928 


(2). Find the second term. 
Let hi(p)=R+pL and h(p)=sin ml 
Then, referring to Part VI, 


phi'(p) he(p) =p L sin ml 
Thus 


phi (p) ha(p) for p=pi= 


— - becomes —R sin nil 


Y(p) =m cos mx 


—m?=(R+ pL) (G+ pC) 
= pCL+ p(RC+LG)+RG 


but 
(73) 


If we substitute p= pı = -* we get 


aye £ CL- Á (RC+LG)+RG=0 or m=0. 


Y(p) 0 
Thus ———=—— =- We must therefore find the 
phi' (p) n(p) 0 


value of this expression as m approaches zero. 


Iti — “P >- Jim E OSME a 
phi'(p) h(p) = ™"° —R sin ml RI 
E _R 
Thus the second term becomes — a as (74) 
(3). sin ml=0 gives m= a 
but —?=p2CL+p(RC+LG)+RG 
thus 
RC+LG 2 at 
p=- (RC+LC6)? RG+m eee 
2 CL 4 CL CL A 
i (75) 
1/R G 
he a=-+ - (“ 2) 76 
where + i + C (76) 
2 R G ` 
d N me ir - =) 77 
i Pn CL L, C (7) 


a depends, as seen, upon the line constants only; 
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B depends upon them and the particular terminal 
condition also. In this case, the case of a short- 


oe. . , s 
circuited line, sin ml=0 gave m= T Often, however, 


especially when the terminal condition is complicated, 
it is necessary to resort to graphs in order to find 
the root of m 

This will be illustrated in Part XVIII. 


We next proceed to find phe’(p) hi(p) 


h,!(p) = “sin ml = — sin mi si osanl® 7 (78) 
but -m° =p CL +p(RC + LG) + RG 
. dm __2pCL+RC+LG 
dp 2m 
", hy! (p) = —l cos m= (= + Z) +2p] 
i R G 
<. phi’ (p)hi(p) = — pl cos ml (R+pL)< — =[(=+72)+ 2p| 
thus 
Y(p) = 2E m? cos mx 
A 
ph (p) hip) - plcos ml (R+pL) CL[*+2 +20] 
cates s? x? l 
By substituting m? = si and p= —a-+ 7, one term 


results, which is multiplied by e7179" 


By substituting p=—a-—y§, another similar term 
results which is multiplied by e717", 

The two terms combine and the solution of the third 
term is 


] ssr? 1,/R G 
S e le-s 
2 s$ w?+RG P eae L a) (79) 
sin Bt—G cos at | 


The solution is the sum of the three terms given in 
Equations (72), (74), and (79). 


PART XVIII: TRANSMISSION LINE WITH IMPEDANCE AT THE SENDING AND RECEIVING ENDS 


It has been shown that when the transmission line is 
either grounded or open, no difficulty exists in find- 
ing the roots zp =0. It often becomes quite difficult 
however, if the terminal conditions are not as simple. 

Heaviside discusses such cases in various parts of 
his book. Since, however, his treatment is somewhat 
different from that which will now be given, it will 
be well to illustrate one or two cases. Let us take, 
for instance, the case shown by Heaviside on page 
143 (Vol. ii), illustrated here in Fig. 33, in which the 
long horizontal lines may be the insulated conductor 
in a cable whose outside sheath is grounded. z} and 
Z, are concentrated impedances. 


From previous consideration it is evident that, as 
far as the transmission line itself is concerned, the 
following relations exist: 


e= K, cosh nx + Ae sinh nx 


+ LR 1 sinh nx + K: cosh nx] (80) 
n 


For x=0, 
E = Ea = 1323 = kK, (1 + O)=K, 
for z=], 


K, cosh nl + K: sinh nl 


e =0 = 


to 
~] 
ve 
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But E=e4+i2, .. =x cosh nl+ K: sinh nl+izı Special case 2,;=0, illustrated in Fig. 34. 


for x=0, n 
pe Yio 4 Ki] T on Nts | Ze cosh nx+ T nx 
n eS = Se E1 
For x =1, zo cosh nl + 2 sinh il 
n 


“y= is [i sinh nl + 7 1» cosh J 


5 za cosh nx + to sinh nx 


= E1 (83) 


From these relations we obtain ze cosh nl + zo sinh nl 


E =ixz; cosh nl + 7 te sinh nl From Equation (82), for zı=0, 
Yz, i 2? sinh nx + cosh nx 
+— f z: sinh nl + — cosh n| ._ Zo E1 
j Y = — (84) 
Z cosh nl + zosinh nl 
=h [e+ cosh nl + - [z + Yzız:] sinh m| 


4 


At the receiving end x =0. 


=A ..49 = —. Herez=R+ pL 
t2 Éi A TP = OENES eee -E14 
Zo . (85) 
cosh nl + — sinh nl 
Zi 22 
and 
E @ı @2 Z2 1 
a (86) 
22 cosh nl + zo sinh nl 
Fig. 33- 
This current will be calculated in order to show the 
procedure when the roots Zp =0 cannot readily be 
E 2 obtained except by graphical means. 
2 Assume again, for the sake of simplicity, that we 
eas deal with the “ideal” cable. 
g 


<. n? = pCR 


2 
| If m?= — n? then m= — pCR and p= — a, 


Let the terminal impedance be a condenser of 


Fig. 35 capacity cı, as in Fig. 35. 

d f E ti (80) r h g inh 7 orig aes and 7a = -- OR es IRVCR_R 
and from Equation €=1.,22 cosh nx a sinh nx ++ <2 ma n 7 pCR eu a 
Thus 

n. Thus, since cosh jml = cos ml and sinh yml =] sin ml 
z cosh nx+ y sinh nx 
e= —— E1 (81) r EEEE ES 2 
(z1+22) cosh nl + : (z+ Yzı22) sinh nl _ ¢R cos EN sin ml 
cım? m 
From Equation (80) F m? 
ENE y 
F Y. ; n C1 . 
t= >n [z sinh nx+ — cosh vx] — cos ml+—~m sin ml 
n Y C 
22 . ; G 
— sinh nx + cosh nx S(p) = 0 gives tan ml = —. 
= E -— — E4 (82) cım 
(-1 + 22) cosh nl + - [z + Vero] sinh nl What is wanted then are all possible values of 
a m, m, m, ms, etc., which satisfy the relation 
n z C 
where a=. = tan ml= —. 


} i cım 
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Fig. 36 illustrates the method of obtaining these 
roots in a particular numerical case. An “ideal” 
cable (100 miles long) of resistance 88 ohms per 
mile, of capacity 0.054 mf. per mile, is shunted at 
the distant end by a condenser c, of the same capacity 
as that of the entire cable. Find the equation for the 
current at the distant end when the cable is suddenly 
connected to a source of constant potential E. 

The procedure used in finding the roots is to assign 
values to ml then plot the corresponding tangent 


curves and the graph A 
Cim 


40 
3.5 
TCC on 

30 

zs W aaoo TUT TTT Tr 
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ANF [006437sms | | 0.0951=m, 
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3 0 m Gee eee ees ees een 
os Oy leis 
-10 A á 
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z TT H enoo TTT 
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Rie 
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-ao HIST TTT 


Fig. 36 


Where these curves intersect, the roots are obvi- 
ously located. These roots appear to be m= 0.0086, 
m: = 0.0343, m, = 0.0643, etc. To find t, the current 
at the receiving circuit, we proceed in the usual 
way. 


In this case (the “ideal” cable) 


n=(R+pL) (G+pC)=pCR ..—m?=pCR (87) 


dz =] sin m+ [ml cos ml+sin ml] 
dm C 
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from Equation (87) 


dm __CR 
dp 2m 
dz z ) ‘ C1 
ee Fae l+ — m?l cos ml 
E To RME 
Yo 


corresponds to the steady case. Since we have a 
(0) 

condenser at the end of the line, the final direct current 

Yoo) 


(0) 
direct y by making p=0, which means m=O. 


is of course zero, thus =0. Or, it can be seen 


See eee eee eee 
ptt tT APTA 
60 HAT Pe 


ah ise eeee 
Palate pele ed 


0 pelea 
0 .002 004.006 008.010.012.014 016.018.070.077 024 026 028.030.032.034 036 038040 042 
Time (Seconds) 


Fig. 37 


The solution for the current at the receiving end 
of the line is therefore: 


C _m 
—| m? e`TR' 


CR 
memm (1+5) sin ml+ scm cos ml 


1= 


E 


a? 
_2E Q: COS Q e incr! 
RL a at+sin @ cos a 


where @=ml and a@ is obtained from equation 


tan a = a ae Fig. 37 gives the current at the 
Cim C1 


end of the line for E =1. 


PART XIX: TWO OR MORE TRANSMISSION LINES OF DIFFERENT CONSTANTS CONNECTED TOGETHER 
BY AN IMPEDANCE OR SHUNTED AT THEIR JUNCTION BY AN IMPEDANCE 


Consider first the case of a shunted impedance 
as shown in Fig. 38, in which case, for the sake of 
simplicity, it has been assumed that the line is short 
circuited at the receiving end. 

The impedance or leak Z’ is introduced at a point 
distant J, from the generator. Let the constants 
pertaining to the left-hand and right-hand sides 
have indices 1 and 2, respectively, and let the 
problem be to find the current at any point in 
either line. 


Consider first the right-hand side. The conditions 
existing there are those of a short-circuited trans- 
mission line discussed in Part XV. That is 


ge E sinh nox 
sinh ne (l— hl) 

. Y 

j= 
ne 


cosh nx 
sinh ng (l— l) 


where l— l, is the length of the right-hand line 


and 
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Thus 


At the leak, x=/-—1, 


e_m sinh ng (l— l) 


: (88) 
+ Ys cosh nm (l—h) 


We can therefore replace the right-hand short- 
circuited line by an impedance z placed at the junc- 
tion. This impedance is in parallel with impedance 
Z’; thus the joint impedance, which will be denoted 
by Zz, is 


The current and voltage at any point on the left-hand 
transmission line of length lı can therefore be found 
from equations already worked out (see Part XVIII, 
Equations (83) and (84)) where we deal with a line of 
constants having index 1, and where x is counted to 
the left from the junction point. 

At the end of this line, which is the junction point 
in this problem, we find from Equation (85) in 
Part XVIII that the voltage e; is 
} E1 
Ži sinh m hy 
l3 


e; = 


cosh nı l+ 


nı 


R Li G) C; 


Fig. 39 


Thus for the right-hand line the currents and volt- 
ages are 


‘= 5 oe cae en m E E41 (89) 
coh“ ee 
12:2 
and 
j=. - 5 ge ean os E1 (90) 
cosh mh + —~ sinh ml, n: sinh m(l— l) 
Nila 


Consider next two transmission lines of different 
constants (indices 1 and 2) connected together through 
an impedance Z’ as shown in Fig. 39, where again, 
for the sake of simplicity, the method is illustrated 
by the particular case of a short-circuited line. . 
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It is evident that, up to point a, the impedance is 
z as shown in Equation (88). The impedance up to 
point b is therefore Z;=Z'+s. 
Again the values of the voltage and current for the 
left-hand side are obtained from Equations (83) 
and (84) in Part XVIII, where we deal with a line 
of length h and of constants having index 1. 

At the end of this fictitious line represented in 
Fig. 40, the voltage and current can be obtained 
from Equations (85) and (86) in Part XVIII. 


Let Z'+2=Z, 


Thus &= =: E4 
cosh nı l+ : sinh nı l 
' nı Z: 
z! 
JE 
7 
Fig. 40 

pa : E1 


Z: cosh nı l+ A sinh nı l 
nı 


The voltage available across the second transmission 
line, the right-hand side of Fig. 39 is, e3 = 2. 


Thus for the right-hand side, remembering that we 
now deal with a short-circuited line of length l—h 


oe Z sinh nex 
cosh nı l+ A sinh nı lı sinh ma (/—h) 
Ni Le 
6% 
Ri Li C1G, 
E Ls C3 Gs 
Fig. 41 
and 
j= Z Y, cosh mx 
cosh nı l+ A sinh nı h m sinh m(l—h) 
nı 2: 


Suppose three transmission lines of different con- 
stants are connected together. Fig. 41 illustrates 
such a case, a simple case, chosen purposely to illus- 
trate the method to be used. 

Branch No. 2 is short circuited, branch No. 3 open 
circuited. Find the current and voltage at any point of 
the network. 

Each of the two branch lines is converted to im- 
pedances at the junction point. These are converted 
to one single impedance placed at the end of the 
main line, after which currents and voltages in the 
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main line can be calculated from Equations given in 
Part XVIII. Of special interest is the voltage at the 
junction point. Having obtained this voltage the 
currents in the branch lines are readily calculated. 
Thus the equivalent impedance at the junction 
point of the open-circuited line is 
e Ng cosh ng ls 


Z3; = - = — 


- (See Part XV) 
1 Y3 sinh Ng ls 


and the equivalent impedance of the short-circuited 
line is 
n: sinh ne lp 


Y: cosh m l 


Z2 Zo 
Z2 +23 


This is then the impedance at the end of the main 
line and takes the place of Zz in Equations (83), (84), 
(85), (86) of Part XVIII and the conditions in that 
line are at once obtained; x is of course counted from 
the junction point toward the left. 


The combined impedance is z= 
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Of special interest is e at the end of this fictitious line. 


It is e= l E1 


Zy. 
cosh n 4+ — sinh nı h 
ny 
Therefore the current and voltage in the open- 
circuited line is 


cosh m h+ £ sinhmh S090 
nı 
cosh nı l+ “sinh nı li Ng COSN Ng lg 


nı 
For the short-circuited branch 


E oe E 
cosh nı L+ = sinh mh PERSANA 
ny 
bs L Y, cosh mar g 4 
cosh nı h+ — sinh nı |, Ree 


ny 


PART XX: A BATTERY CONNECTED AT SOME POINT OF A CABLE 


In Fig. 42 is represented a cable having a grounded 
sheath. The left-hand end of the cable is grounded; 
the right-hand end is open circuited. It is desired to 
find the potential difference between the cable and 
the sheath after battery E has been inserted. 

Referring to the general equations given in Part 
XV, and remembering that in them x is reckoned 
from the end of the line, we get for the right-hand 
side 

V,=A, cosh n (l— y) +K: sinh n (l— y) 


i = a [K sinh n (1—7) +K: cosh n (I—y)]. 
n 


For y=/, 1:=0, therefore K:=0. 
.. Vi= Kı cosh n (l— y). 
For the left-hand side 
V= K; cosh ny+ K, sinh ny 
When y=0, V:=0, and therefore K; =0. 
|. V= K, sinh ny. 


At y=D the difference of potential between V: and 
Vı must be the voltage of the battery. Therefore, 

K, cosh n(l— D) — K, sinh nD=E. 
Since 


cosh @ cosh 8+sinh @ sinh 8=cosh(a+8), 


it is seen by inspection that this condition exists if 
sinh n (l— D) _.“ 
sinh # (I — D) E 


Ta cosh nD 
cosh nl 


mney and A,= = 


cosh nl 


Thus 
= ouni oat: n(l—y)E4 
cosh nl 
l (91) 
Vers sinh 1 l= D) nh nyE1 
cosh nl 
Vo, aT 


Fig. 42 


Heaviside gives this solution in a slightly different 
form on page 140 (Vol. ii). He uses m instead of n 
and trigonometric terms instead of hyperbolic. 


Since m? = —n?, n=]m 


and since sinh jma =} sin ma (92) 


and cosh jma = cos ma 


V, = 628 mD cos m (l—y) E1 
cos ml 
(93) 
sin m (l— D) 


V. = 
i cos ml 


sin my E 4 


(‘) These constants can also be obtained as follows: 


V, = K, cosh „(l —y), f = : Kı sinh s (l =y) 


VY: = K, sinh ny, f: = : K. cosh xy 
Por y=D, Vi-V:=E 1 and +h =0 


From these relations K: and K, can be determined. 


(To be continued) 
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The Application of Oxygen and Hydrogen 
to Industrial Operations 
PART IV 
SELECTION OF A FUEL GAS FOR METAL CUTTING 


By F. P. WILSON, JR. 
Manager’s Office, Schenectady Works, General Electric Company 


the great variety of fuel gases adaptable to use 

in a cutting torch suggests the following dis- 
cussion of the economic factors involved in the selec- 
tion of a gas for this purpose. 

It should be emphasized that although the func- 
tions of the preheating flame and the oxygen cutting 
jet must be synchronized, they are quite separate and 
distinct. The fuel flame furnishes the ignition heat to 
permit the initial starting of the cut; and the subse- 
‘quent reaction of the steel and oxygen would make 
the process self-sustaining from a thermal standpoint 
were it not for a small heat loss through radiation. 


Te interest that is being shown at this time in 


Therefore, after once starting a cut, the importance’ 


of the preheating flame is greatly reduced. For this 
reason and under certain economic conditions, there 
are many fuels which lend themselves to this field of 
application. | 

The various factors on which a selection must be 
based are all interdependent. Each is important and 
the ultimate choice of gas must be based on a thorough 
study and correct interpretation of all the factors. 

Gas characteristics, unit gas costs (costs per cubic 
foot), relative gas consumptions, cutting speeds, and 
similar data can be tabulated but their relation to 
the economic problem as a whole must be given proper 
consideration before any definite conclusions can be 
reached. 


Nature of Cutting Work 

For the purpose of facilitating this discussion, we 
might classify the cutting phase of the problem as 
follows: 


(1). Light-metal sections 

(2). Heavy-metal sections 

(3). Constructional work 

(4). Destructional work 

(5). Work involving frequent starts and short cuts 
(6). Work involving infrequent starts and longcuts 
(7). Production work where continuity prevails 


(8). Emergency work where speed is the main 
factor 

(9). Hand cutting 

(10). Machine cutting. 

It is generally known that the fuel gas having the 


higher flame temperature permits greater speed on 


light-metal sections, in contrast to the heavier sections 
where the rate of cutting is governed largely by the 
rate of penetration of the cutting oxygen jet itself. 
Therefore, acetylene with its high flame temperature 
is usually more effective in cutting metal of light 
section where the other factors do not mitigate 
against its use. Such advantage, however, is almost 
inversely proportional to the thickness being cut. 
As a rule, acetylene is more effective in destructional 
work, for cutting where frequent starts must be made, 
and for emergency work. For production work, 
machine cutting, riser cutting, and constructional 
work, other fuels are in most cases superior to acety- 
lene from an economic viewpoint. For extremely 
heavy cutting, hydrogen is more effective than any 
other fuel gas available. Machine cutting, where 
smooth cuts are required, is an excellent application 
for fuels other than acetylene. 


Segregation of Cutting Activities 

The number of torches being operated at one per- 
manent geographical location is a very important 
factor, for the reason that if a large part of the cutting 
is performed at scattered points the use of pipe-line 
distribution of gas cannot be resorted to economically. 
If tanked gas must be used to give the desired degree 
of portability, acetylene is the preferable gas because 
more heat units can be delivered to the job with the 
minimum amount of tank handling and subsequent 
expense. On the other hand, if cutting is being done 
at any fixed point and in sufficient volume to warrant 
a pipe-line installation, then hydrogen, coal gas, 
coke-oven gas, water gas, or city gas become attractive 
substitutes for acetylene. Riser cutting in a steel 
foundry, where several torch operators are grouped, 
offers an excellent application for fuel gases other than 
acetylene. 


Preliminary Survey 

Before attempting to substitute some other fuel 
gas for acetylene, each industrial should make the 
following analyses: 


Acetylene 

(1). Annual cost of acetylene and volume used for 
cutting. 

(2). Source of supply and method of distribution. 
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(3). If dissolved acetylene is being used, do eco- 
nomic conditions warrant the installation of acety- 
lene generators? 

(4). In what other applications is acetylene used? 
In what quantities and at what annual cost? 

(5). What is the relative quantity and costs of 
acetylene used for cutting and for welding or any other 
applications? 


Oxygen 

(1). Annual cost of oxygen and volume used for 
cutting. 

(2). Annual cost of oxygen and volume used for 
welding. 

(3). Source of supply and method of distribution. 

(4). Do economic conditions warrant the installa- 
tion of an oxygen plant? 

(5). In the event a plant were installed, can oxygen 
be piped to the points of consumption or must tanks 
be used? 


Substitute Fuel Gases Available 

The substitute gas might be hydrogen, city gas 
(water gas, coke-oven gas, or carburetted water gas), 
natural gas, or one of the numerous other compressed 
fuels. 

Hydrogen is an excellent cutting fuel but as a rule 
its use is not advantageous unless the consumer has 
a producing plant, the supply from which is essential 
to some other manufacturing process. In those local- 
ities where very cheap power is available to permit 
the cheap generation of hydrogen, this gas might be 
the preferable cutting fuel. Such instances, where 
economic conditions favor an electrolytic-plant instal- 
lation, are not sufficiently numerous at the present 
time to make hydrogen a general substitute for 
acetylene. Its cost when purchased in cylinders is 
comparatively high so that, although it is an excellent 
fuel, its availability feature is deficient, thus excluding 
it from the general discussion of this subject. 

Natural gas is not generally available, so although 
this gas also can be used as a fuel in cutting its appli- 
cation must necessarily be restricted to certain geo- 
graphical localities. 

City gas and acetylene are available at almost any 
city in the country, with the former possessing some- 
what of an advantage in this respect. 

The following are a few representative questions 
to which the industrial must find favorable answer 
before any change in cutting fuel gas is made: 

(1). What will be the replacement cost for the 
available substitute fuel gas in the event that it is 
adapted to the work? 

(2). What are the main requirements for the cut- 
ting fuel in the particular cutting operation under 
consideration? 

(3). How do the substitute fuels measure up to 
such requirements? 
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(4). What will be the effect of the substitution on 
the consumption of oxygen and its subsequent cost? 
(If the consumer operates his own oxygen plant this 
factor is of less importance.) 

(5). In the event city gas is being considered as the 
substitute, what percentage of carbon dioxide and 
nitrogen does it contain? These inert gases if present 
in excessive quantities interfere with the attainment 
of ideal cutting conditions. 

(6). How and under what pressure is the substitute 
gas delivered? Is it sufficient for the process? If not, 
how can the requisite pressure be secured? The pres- 
sure required depends upon the type of cutting torch 
used. A pressure torch requires from 15 to 50 1b. per 
sq. in., an injector torch from 4 to 5 Ib. per sq. in. 


Present Method of Gas Distribution 

It may be possible that the gas in use is properly 
adapted to the work, but tanks might be eliminated 
in favor of pipe lines. If the volumes used are suffi- 
ciently great, consumer manufacture might be re- 
sorted to in the case of oxygen, hydrogen, or acety- 
lene. Where gas is purchased in tanks, the loss is 
usually greater than when pipe-line distribution is 
used. Manifold systems might prove desirable, or the 
installation of acetylene generating equipment or 
hydrogen generating equipment might be advanta- 
geous. The path to economy is not dependent alone 
upon a change in the fuel gas used, but also upon 
the method of procurement. 


Time Study of Cutting Activities 

To determine the relative importance of cutting 
speed, a time study of the operations should be made. 
In most cases, cutting speed is not nearly as important 
a factor as 1s commonly supposed for only a nominal 
percentage of the operator's time is spent in actual 
cutting and the more expensive fuel does not always 
come up to its potentialities in practice. The time 
study in Table X shows the relative unimportance of 
cutting speed. 


TABLE X 


TIME STUDY OF RISER CUTTING IN 
STEEL FOUNDRY 
(Using Hydrogen as Fuel) 

Three men work 8 hr. per day............. 
Time spent in actual cutting.............. 
Time spent in preheating prior to actual 
CUCtING E ot ee dee T as BOR ee 2 labor-hours 
Time spent in handling tanks............. 3 labor-hours 
Time spent in handling castings, risers, etc.. 10 labor-hours 


24 labor-hours 
9 labor-hours 


From these figures it will be observed that an increase 
of 100 per cent in cutting speed would effect a de- 
crease of only 18.5 per cent in labor-hours. In dis- 
cussions on this subject, the importance of cutting 
speed should not be stressed without due regard to the 
cost of its attainment and its relative importance to 
the problem as a whole. 


APPLICATION OF OXYGEN AND HYDROGEN TO INDUSTRIAL OPERATIONS 


Basis for Efficiency 

Various plants have various criterions for deter- 
mining the efficiency of their cutting operations. Of 
course, the ideal objective is maximum results with 
minimum cost, but the two cannot always be recon- 
ciled and the acceptable standard of performance 
might be one of the following: 

(1). Speed of cutting, the purpose here being to save 
labor expense or accomplish results in a mini- 
mum time as in an emergency. The speed al- 
though obtained at an increased gas cost may 
be justified through the realization of other 


economies 
ae oe 
0.022} 100 Te ie ea 
Reseed 
0.020 |9 9 ; 1 
0.018 [ook Hum 


Dollars 


Ve 2" 6" 
Metal Thickness Inc zm 


Acetylene$0.022 per. cu f 
Oxygen 0.010 per. cuf 


Acetylene $0.018 per cu.f 


Oxygen 


0.004 per. cu.ft] Oxygen 


Ya" 2" 6” 
Metal Thickness aah 
*Yg . 
City Gas 0.0006 per cuft City Gas 0.0006percuft City Gas 0.0006 per. cu. Pt. Cit 
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is apparent that the oxygen factor is quite important. 
As a rule, the least expensive fuel gases involve the 
use of a slightly greater quantity of oxygen, so that a 
cheap source of oxygen supply has a very important 
bearing on any proposed substitution. The net result 
is determined by comparing the economy obtained 
through fuel gas substitution with the increased cost 
of oxygen if there is such an increase. 


Analysis of Operating Costs for Acetylene and for City Gas 

The effect which a variation in unit gas costs (cost 
per cu. ft.) has upon the total relative gas costs is 
clearly shown by the curves in Fig. 26. 


Curves C 


G 


bed Vy" 2° 

Metal Thickness Inches 
Acetylene $Q025 per. cu. P 
Oxygen 002 per.cu. Ft. 
Gas 00006per.cuft 


V2. ke 
Metal Thickness Inches 
Acetylene $0.018 per.cu. ft. 
0,002 per.cu.ft. 


Fig. 26. Relative Total Oxygen and Fuel Gas Costs When Cutting with Oxy-city Gas Compared with 
Oxy-acetylene Taken as 100 Per Cent in Each Case 


(2). Low gas cost. In this case the relation of labor 
and material is such that a reduction in the 
latter is the desirable procedure. Low gas cost 
does not necessarily mean increased labor ex- 
pense per inch of cut. As a rule, where the 
cheaper fuels are serviceable, the labor cost per 
inch cut remains constant 

Results obtained. In machine cutting, smooth 
faces and edges are ordinarily desirable. City 
gas or hydrogen permits the attainment of 
such results with greater facility than does 
acetylene 

Safety. This is a real consideration and even 
though the other factors might favor a more 
dangerous gas, sometimes a loss in efficiency 
might be charged against accident insurance 
Relation to other operations, such as welding. 
By using the same gas for both (in this case 
atomic hydrogen or acetylene would bethe com- 
petitors), economies can at times be realized. 


(3). 


(4). 


(5). 


Cost of Oxygen and Source of Supply 

: Inasmuch as the fuel gas requires a pure oxygen 
supply and inasmuch as various fuel gases require 
various quantities of oxygen for their combustion, it 


Curves A, B, C, and D are all based on the same 
gas consumption figures but, as indicated in the 
space below the curves, a different unit gas cost is 
used. By the use of these various unit costs, it is pos- 
sible to translate gas consumption data into terms of 
relative costs which are more nearly representative 
of general conditions. It is of course obvious that due 
to the increased oxygen consumption which is ex- 
perienced when cutting with city gas, the cost of 
oxygen per cubic foot is a vital factor in the ultimate 
attainment of economy. The economy obtainable 
through the use of city gas increases as the unit cost 
of oxygen decreases, as is clearly indicated by the 
curves. In Curves D, with oxygen at $0.002 per 
cu. ft., an average saving in total gas costs of approx- 
imately 60 per cent is indicated when city gas is em- 
ployed. This 1s an extreme case however for while the 
Curves D are based on a reasonable price for acetylene, 
the exceptionally low price for oxygen is attainable 
only by those consumers who operate their own oxygen 
producing plants under ideal economic conditions. ` 


Curves A 
These curves are based on unit gas costs which gen- 
erally prevail among those consumers who are buying 
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dissolved acetylene and oxygen in tanks. They un- 
doubtedly apply to conditions where the volumes of 
acetylene and oxygen used are insufficient to warrant 
the installation of generating equipment for either 
gas. The comparison is probably representative of 
general conditions and is therefore of greater general 
interest than the others in the group. 


Curves B 

This pair of curves is based on average unit gas 
costs which prevail when the consumer produces his 
own acetylene and oxygen in quantities large enough 
to justify consumer-plant operation. This comparison 
indicates the economies when cutting with city gas 
and manufactured oxygen compared with the use of 
manufactured acetylene and manufactured oxygen. 


Curves C 

In these curves the unit cost for acetylene is based 
on its generation by the consumer. The unit oxygen 
cost is based on its manufacture by the consumer in 
large quantities which permit the attainment of a 
low cost per unit especially when the by-products can 
be utilized. 


Curves D 

These curves are based on conditions which are 
more or less special. In them it is assumed that the 
quantity of acetylene used for cutting is insufficient 
to warrant its manufacture by the consumer, and that 
the price for dissolved acetylene would be approxi- 
mately $0.023 per cu. ft. Other compressed gas con- 
ditions might be such that oxygen would be available 
at $0.002 per cu. ft. These figures are representative 
of conditions which actually exist at several industrial 
establishments and the values are therefore by no 
means hypothetical. 

The relation which the cost of oxygen bears to the 
problem of fuel-gas substitution emphasizes the im- 
portance of a thorough knowledge of oxygen manu- 
facturing economics. Increased oxygen consumption 
results in an increased expense which is directly pro- 
portional to such increased consumption when oxygen 
is being purchased. With the consumer-operated 
plant, the unit cost of oxygen decreases almost 
proportionately as the load increases. Therefore the 
possibility exists that where consumers cannot afford 
to use city gas because of the prevailing market 
price of oxygen, they might install an oxygen plant 
and realize a two-fold saving—first on the cost of 
oxygen direct and second through the use of a cheaper 
fuel gas. 


Comparative Tests on a Laboratory Basis 
A laboratory test to determine the relative value of 
various cutting fuel gases is difficult to conduct 
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and is more difficult to interpret in terms of shop 
practice. 

An economic survey can be made to advantage, 
however, and the results should conclusively indicate 
whether some change of fucl gas should be made and 
the overall costs that will be obtained in actual prac- 
tice. In this way, and at comparatively small expense, 
the information secured will automatically take into 
consideration all the special circumstances existing 
at the plant. 


Conclusions 

Wherever conditions are such that city gas fulfils the 
economic requirements, its use results in marked sav- 
ings. Acetylene has a distinct field of application; so 
has city gas; it remains for the user to determine 
which gas best meets his particular needs, all things 
considered. City gas is not a cure-all, neither will it 
completely displace acetylene as a cutting fuel. 

The attainment of economy in using a fuel gas 
depends upon how closely results in practice corre- 
spond to expected gas consumption figures. Experi- 
ence indicates that excessive pressures, oversize tips, 
and excessive preheating flames are the general rule. 
The desire for speed has more or less obscured the cost 
per inch cut. When a costly fuel gas is used, the loss 
through variation from expected gas consumption 
figures 1S proportionately greater than in the case 
where a cheap gas 1s employed. It cannot be denied 
that wastage and loss of gas do occur in this 
application, and that the financial burden which 
they, entail is proportional to the price paid per unit 
quantity. 

Comparative data of the cutting speeds of two 
gases cannot be directly translated into comparative 
labor-hours required for production. As shown in the 
time study in Table X, the elapsed labor-hours and the 
actual cutting labor-hours are quite different. Any 
advantage through increased speed of cutting depends 
more or less on this relation between elapsed time and 
actual cutting time. For this reason, relative labor cost 
figures have no general value outside of the particular 
test to which they apply. 

As previously mentioned, little general value can 
be attached to data based on very special conditions 
such as apparatus used, cutting speeds, temperature 
of metal being cut, personal equation, unit gas costs, 
characteristics of city gas used, etc. 

It is therefore apparent that there are so many fac- 
tors involved in the proper selection of a cutting fuel 
gas which factors are closely allied with the problem of 
oxygen procurement that an empirical solution is not 
possible. Each problem must be solved as a separate 
proposition and the solution approached with an 
open mind. 


(To be continued) 
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THREE TYPES OF MOTORS FOR ROLLING STEEL 


Motor room of a continuous skelp and sheet bar mill. From left to right are shown a 2600-hp. 275/320-r.p.m. 600-volt D-c. motor, 
a 6700/5000/3320-hp. 500/375/250-r.p.m. 6600-volt 25-cycle Scherbius-controlled Induction motor, a 6500-hp. 187.5-r.p.m. 
6600-volt 25-cycle Synchronous motor, and (in the background) a 4000-hp. 83-r.p.m. 6600-volt 25-cycle Synchro- 
nous motor. The Scherbius speed-regulating motor-generator set stands in the foreground 
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ELECTRIC. DRIVE IN THE IRON AND STEEL INDUSTRY 


The annual convention of the Association of Iron 
and Steel Electrical Engineers at Chicago, on June 
25-29, will furnish the best opportunity of the year 
for collectively considering the many problems that 
-are encountered in turning the wheels of the vast 
industry represented. As a contribution to the Con- 
vention, and for the information also of those inter- 
ested subscribers who will be unable to attend, the 
editors of the REVIEW have set aside a portion of this 
issue for appropriate articles. In introducing them, 
it was believed that a review of the trend in the 
prominent divisions of the general subject would be 
desirable. 

The present hand-to-mouth practice of buying 
steel requires that the mills be equipped to deliver a 
wide range of products within a single day, or some- 
times within an hour; and to secure this necessary flexi- 
bility, they must be capable of operating over a 
considerable range in speed. For such drives, direct- 
current motors are available and also induction motors 
equipped with suitable speed-regulating equipment 
such as the Kraemer or Scherbius type. Which of these 
types of drives to use on a particular mill is a matter 
for individual study, but as a general rule it can be 
stated that where only one drive is involved the ad- 
justable-speed induction motor should be given 
favorable consideration. On the other hand if a single 
mill requires several drives, as is the case with the 
modern continuous-strip mill, direct-current motors 
will usually be found preferable with respect both 
to first cost and to flexibility of operation. 

The trend in direct-current drive of continuous 
mills has been toward the provision of one or more 
motor-generator sets to supply power to each indi- 
vidual mill, thus making available the advantage of 
the generator-voltage-control system of starting the 
mill motors. In an installation of this character, the 
motor and generator fields should each be separately 
excited and a reversing potentiometer type of gen- 
erator-field rheostat may be employed, thereby per- 
mitting the excitation to be decreased to zero and 
then if desired built üp again in either direction all 
without opening the field circuit or operating a 
reversing switch. Thus the mill operator, by control- 
ling this one rheostat, can start the mill forward or 
backward, adjust its speed to the needs of the moment, 
or stop it. | 

Within the past two or three vears, synchronous 
motors have been applied to main-roll drives with 
unqualified success. The starting characteristics of 
this type of motor have been so improved that they 
are now staisfactory for most types of mills. The 
primary reason for this application lies in the ability 
of the synchronous motor to improve the power- 
factor of the supply system. Compared with the in- 
duction motor, its efficiency is higher in the usual case 
and its first cost is lower particularly in large low- 
speed units. Thus for any constant-speed mill drive, 
the possibility of using a synchronous motor should 
not be overlooked. 

The ventilation of main-drive motors and motor 
rooms has not been given sufficient attention. There 
seems to be a tendency to crowd the electrical equip- 


ment into just as small a space as possible; and in 
modern mills this concentration of power is making 
more and more evident the need for adequate venti- 
lation. 

All the losses that occur in the motors and other 
apparatus are converted into heat; and, while modern 
electrical apparatus is highly efficient, these losses are 
by no means negligible. For example, the motors and 
motor-generators supplying power to a 48-in. hot- 
strip mill have full-load losses that generate heat at 
a rate equivalent to that obtained from the perfect 
combustion of five tons of coal per 24 hours, and all 
this heat is liberated in the motor room. Of course 
the motors are not fully loaded all the time but the 
losses do not decrease in direct proportion to the 
decreased load. 

Most motors will cool themselves satisfactorily pro- 
vided the air around them is kept reasonably cool, 
the maximum desirable ambient temperature being 
usually considered as 40 deg. C. (104 deg. F.) If the 
motor room is large and high, with adequate open- 
ings for ingress and egress of air, and the apparatus 
in the room is not congested, natural ventilation may 
be sufficient. Even under these conditions, however, 
the comfort of the operators can be greatly increased 
and possibly the life of the apparatus lengthened if 
artificial ventilation is provided. 

It is difficult if not impossible to give definite rules 
as to how to secure sufficient ventilation because of 
the varied installation and operating conditions en- 
countered. In some cases, cool clean air is simply 
forced into the basement and allowed to rise through 
the opening within the base of each power unit. In 
other instances, enclosing shields are added to the 
motors so that the air forced up through the base is 
caused to traverse the machine in a definite path. 
This second method of cooling a machine is more 
efficient than the first, but both are open to the ob- 
jection that the heated air from the machine is dis- 
charged into the motor room to the discomfort of the 
operators and the detriment of any apparatus which 
is not connected to the ventilating system. An ideal 
system of ventilation would force cleaned cool air into 
the apparatus and then discharge the heated air out- 
side the motor room. In cool weather, the arrange- 
ment should make possible the discharge of a portion 
of the hot air into the room in order to maintain a 
suitable room temperature. 

It is a comparatively simple matter to build syn- 
chronous or induction machines so that thev will draw 
air in around the shaft and discharge it through an 
opening in the frame to aduct that mavbe either above 
or below the machine. Direct-current machines, how- 
ever, do not lend themselves quite so readily to such 
treatment, but a volute housing of sheet metal and 
supporting angles has been developed which quite satis- 
factorilv collects the heated air and discharges it at 
the desired point. This housing encloses the magnet 
frame and extends radially inward close to the peri- 
phery of the armature, at the extreme end of the 
winding. 

So-called anti-friction bearings have been used in 
a few main-roll motors but it is difficult to see any 
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justification for them in such service. The mainte- 
nance of sleeve bearings is practically negligible be- 
cause the bearing pressures are always low since the 
size of the bearing is determined by the diameter of 
the shaft necessary to transmit the torque rather than 
by the weight to be carried. The sleeve bearings are 
usually of the split ball-seated type and can readily 
be removed for repair or replacement if necessary. 
A like operation on an anti-friction bearing at the 
coupling end of a large motor first necessitates lifting 
out the armature and pressing off the coupling, and 
afterward replacing them. So far as can be determined 
there is little if any difference in the running friction 
losses of the two types of bearings in this service. The 
starting resistance of anti-friction bearings is of course 
lower but this is of no moment in the case of a main- 
roll motor. 

For auxiliary drives, it has been customary to 
employ series motors except where there was danger 
that the motor would reach an excessive speed dur- 
ing the lightly loaded portions of its operating cycle. 
One reason for the preference for the series motor is 
the greater torque it makes available for a given per- 
centage overload in armature current. However, the 
series motor does not possess as great an advantage 
in this respect as is commonly supposed. For example, 
compare a series motor with a compound-wound motor 
which has sufficient shunt field to limit its no-load 
speed to 150 per cent of its full-load speed. While 
both machines of course exert the same torque at 
100 per cent armature current, at 150 per cent current 
the series motor develops but 10 per cent more torque 
than the compound-wound motor and at 200 per cent 
current the torque of the series motor exceeds that of 
the compound motor by only 20 per cent. 

Another reason for favoring the series motor is that 
it does not require as many leads from the control 
panel, for it has no shunt field. This absence of a shunt 
field also prevents all possibility of shunt field failure. 
On the other hand, there is small likelihood of such 
failure in a compound machine if the shunt coils are 
wound with asbestos-insulated wire. 

The compound motor has several advantages which 
are now bringing it into increasing use for almost all 
kinds of auxiliary drives. The most important ad- 
vantage is that this type of motor, unlike the series 
motor, will not run away at light loads, straining both 
itself and the mechanism to which it is connected. 
Reversing tables have usually been driven by series 
motors and the friction load of the journal bearings 
of the table has been sufficient to hold the speed to a 
safe value. But now, some tables are equipped with 
roller bearings. With such a table, a motor of fairly 
large capacity is still required for rapid acceleration, 
on account of the inertia of the table, but if a series 
motor is used it may reach a very high speed and when 
plugged the whole mechanism may be severely 
strained. The obvious choice 1s to employ a compound- 
wound motor and thus reduce the maintenance ex- 
pense of both the mechanical and electrical equip- 
ment. 

Another tendency of today is to make the operation 
of auxiliaries as nearly automatic as possible. In those 
cases where a drive must be accurately stopped at a 
predetermined point in its cycle, it is advantageous 
to employ dynamic braking and the compound motor 
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can be dynamically braked much more easily than 
can the series motor. The shunt field of the compound 
machine is always excited, whereas the series field of 
a series motor must be separately excited during the 
braking operation and this requirement complicates 
the control and delays the action. 

Regardless of whether the auxiliary motors be of 
the series or the compound type, they are usually 
built totally enclosed with the idea that they will be 
installed where they will be exposed to much dirt and 
dust. Several mill operators have discovered however 
that it pays to force clean cool air into those motors 
which are subject to the hardest service. Not only 
does this ventilation keep the motor cooler and thus 
permit it to carry greater loads, but it prevents the 
infiltration of dirt and dust by reason of the air pres- 
sure within the motor being somewhat above atmos- 
phere. 

The effect of forced ventilation in decreasing the 
maintenance cost of auxiliaries is so marked that it 
seems probable it will be used in many installations, 
particularly as standard motors are already available 
with threaded openings from which the pipe plugs 
may be removed and air pipes attached. 

The performance records of anti-friction bearings 
in steel-mill auxiliary motors seems to justify their 
application in this service, and standard motors for 
this purpose are now being built with anti-friction 
bearings of several types. 

Magnetic control equipments using definite time- 
limit acceleration are now in widespread use for 
auxiliary drives. With this system of control, the 
motor 1s always accelerated within a definite time, 
unless of course the load is so great as to trip the 
overload relay. When the drive is stiff, as on a 
cold Monday morning, the current peaks will be high, 
but as soon as the drive becomes free the accelerating 
peaks will drop to their normal value thus preventing 
the electrical and mechanical equipment’s being un- 
necessarily punished throughout the day. 

The benefits of automatic control are not confined 
to auxiliary drives, however. A great many motor- 
generator sets are being installed with pull-button 
automatic switching equipment. The starting of even 
a: large synchronous motor-generator set is now 
accomplished by the operator’s merely pulling a single 
control switch, after which the various devices func- 
tion entirely automatically under the control of suit- 
able relays until the set is on the line. 

Extensive applications are also being made of auto- 
matic reclosing feeder equipments on the 250-volt 
direct-current circuits that supply steel-mill auxil- 
iaries. By automatically restoring service just as soon 
as the cause of the interruption has been removed, 
these equipments save the moments that are valuable 
in many phases of mill operation. 

The Iron and Steel Industry is by far the largest 
industrial consumer of electric power, not altogether 
because of its many single drives of thousands of 
horsepower but because each one of these drives is in 
a line of production that requires the services of 
hundreds of auxiliary motors of widely varied sizes. 
Taken in its entirety a steel mill is in reality a gigantic 
machine, in the design and operation of which the 
electrical engineer deserves a large share of credit. 

H. A. WINNE 
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Electric Drive for the Bethlehem Wide-flange 
Structural Mill at Lackawanna 


Blooming, Roughing, and Finishing Mills—Five Driving Motors—3500 to 17,150 Hp. (Max.)— 
Three Flywheel Motor-generator Sets—Power Supply—Control of Operation 


By F. D. EGAN 
Electrical Superintendent, Lackawanna Plant, Bethlehem Steel Company 


put in operation at its Lackawanna plant one 

of the largest structural mills in this country. 
The mill is designed to roll wide-flange columns, 
girders, and beams. It is comprised of a 54-in. revers- 
ing blooming mill; a roughing mill with main stand of 
horizontal and vertical rolls, and supplementary stand 
with horizontal rolls only; and a finishing mill similar 
to the roughing mill and with the same layout of rolls. 


È April, 1927, the Bethlehem Steel Company 


withstand any upsetting force caused by a heavy 
thrust from the mill. 

Ventilating air is forced into the enclosed coupling 
end of the motor and thence through the motor and 
out across the commutator. 

Direct current is furnished for the single-armature 
blooming-mill motor by the flywheel motor-generator 
set shown in Fig. 2. The wound-rotor induction motor 
is rated 5000 hp., 6600 volts, 375 r.p.m., and is 
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Fig. 1. 


Blooming Mill 

The 54-in reversing blooming mill is designed to 
roll large ingots (up to 18 tons or more) into blanks to 
feed the roughing mill next in line. It is driven by a 
7000-hp. (continuous) 50 deg. C. rise force-ventilated 
750-volt, 40/80-r.p.m. direct-current motor. At the 
circuit breaker setting this motor develops 17,150 
hp. at 3714 r.p.m., which corresponds to a torque of 
2,400,000 1b. at one foot radius. This motor is shown 
in Fig. 1. It is 21 ft. wide, 22 ft. long, weighs 244 
tons, and is the largest direct-current motor ever 
built by the General Electric Company. The mill- 
end bearing is 30 by 60 in., and the pedestal is fitted 
with a thrust collar for taking the end thrust of the 
mill. The bearing pedestal has eight foundation bolts 
in the sides parallel with the shaft, and four founda- 
tion bolts across the front next to the coupling. These 
latter bolts are provided to enable the pedestal to 


Le | 


The 7000-hp. (17,150-hp. Max.) Single-armature Reversing Blooming-mill Motor 


arranged for speed variation by means of a slip regu- 
lator, Fig. 3, in order to make effective use of the 
energy stored in the flywheel. The two shunt-wound 
direct-current generators connected in parallel are 
each rated 3000 kw., 750 volts. The cast-steel flywheel 
is 15 ft. 3 in. in diameter, weighs 50 tons, and at 
synchronous speed the set has a total stored energy of 
187,000 hp.-sec. The set is designed as a self-ventilated 
unit, but the spare mill-motor blower is so connected 
that forced ventilation may be used onthe set if desired, 
and also used for ventilating the mill motor in case of 
a breakdown of the regular ventilating equipment. 
Excitation is furnished by a four-unit motor- 
generator set, Fig. 4, made up of a 200-hp., 750-r.p.m. 
220-volt induction motor direct connected to three 
(75, 50 and 15-kw.) 250-volt direct-current generators. 
The 75-kw. unit furnishes excitation for the blooming- 
mill motor, the 50-kw. unit excites the fields of the 
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two 3000-kw. generators, and the 15-kw. unit (which 
is compound wound and self-exciting) furnishes power 
for the control circuits and excitation for the fields of 
the other two exciters. 

The speed of the blooming-mill motor between 
standstill and 40 r.p.m. is controlled by varying the 
generator voltage, and be- 
tween 40 and 80 r.p.m. by 
varying the motor-field exci- 
tation. The generator voltage 
is varied by changing the 
resistance in the generator- 
field circuits through contac- 
tors actuated by a foot- 
operated master switch. The 
motor-field excitation is va- 
ried by changing the resist- 
ance in the field of the motor- 
field exciter by means of 
contactors actuated by the 
same master switch. The 
resistances are so propor- 
tioned that smooth accelera- 
tion takes place throughout 
the range. The master switch 
reverses the motor by revers- 
ing the excitation of the gen- 
erators, the voltage having been dropped so that 
there is very little field current at the instant of 
reversal. The sequence of contactor operations is fixed; 
and the minimum time that must elapse between steps 
is so fixed that the operator cannot cause trouble 
by any improper manipulation of the master switch. 

The slip regulator previously mentioned in con- 
nection with the induction motor on the main set 
forms a Y connection for the rotor windings. Resist- 
ance in the form of a bicarbonate of soda solution is 
interposed in the three legs and the distance between 
the submerged electrodes in each leg is varied by a 
torque induction motor. This motor receives its power 
from current transformers in the leads to the motor 
whose slip it regulates. The regulator is subject to 
hand control through an auxiliary counterweight that 
is handled by a small auxiliary motor controlled by a 
push-pull button on the switchboard. Whenever the 
set is shut down, the maximum resistance is auto- 
matically inserted in the secondary of the induction 
motor in readiness for the next start. 

When the blooming-mill motor encounters a heavy 
load, the load is transferred back to the induction 
motor and the consequent current inrush brings about 
an increase in the resistance of its secondary circuit 
through the action of the slip regulator. A drop of 
10 per cent in speed allows the set to give up 35,000 
hp-sec. of stored energy, or enough to drive the bloom- 
ing-mill motor at full rated load (7000 hp.) for five 
seconds. When the load is relieved, the secondary 
resistance is reduced and the induction motor brings 


Fig. 2. 
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the set back to speed thus replenishing the stored 
energy. When the blooming-mill motor is quickly 
brought to rest, its stored energy is converted to direct 
current which reacts on the generators and causes 
them to ‘‘motor’’ thus assisting the induction motor 
in restoring the speed. 
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The Flywheel Motor-generator Set which Furnishes Diroct-current 


Power to the Motor Shown in Fig. 1 


Unless otherwise provided for, the speed fluctua- 
tions of the flywheel set would bring about correspond- 
ing voltage fluctuations in the output of the genera- 
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Fig. 3. The Slip Regulator for Controlling the Speed of the 
Wound-rotor Induction Motor of the Set Shown in Fig. 2 


tors. A small generator with separately excited fields 
is mounted in a bracket and geared to the shaft of 
the set; and its output acting through a voltage 
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Fig. 4. The Four-unit Motor-generator Set for Furnishing Excitation and Control 
Current for the Blooming-mill Drive Equipment 
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Fig. 5. The Panels for Controlling the A-c. Breakers in the Circuits Feeding the 
Blooming-mill Drive 


The Roughing-mill Main and Supplementary Motors of 7000 and 1500 Hp. (14,900 and 
3500 Hp. Max.) Respectively. The finishing mill is driven by duplicate equipment 


regulator automatically con- 
trols the field of the exciter 
for the generators. By this 
means a drop in speed of the 
motor-generator set is met by 
an increase in the field excita- 
tion of its generators, thereby 
holding constant voltage on 
the d-c. power circuit except 
as it may be purposely varied 
by means of the master 
switch. 

The switchgear in the 
blooming mill is connected 
through oil breakers to two 
incoming lines from the main 
plant loop system, and con- 
sists of forward and reverse 
oil circuit breakers for the 
motor driving the flywheel 
set, an oil circuit breaker for 
the auxiliary transformer 
bank, and two outgoing 
radial-feeder oil circuit break- 
ers to the motors driving the 
bloom shear pumps. The pan- 
els controlling the a-c. break- 
ers, Fig. 5, are lined up with 
the panels for controlling the 
main motor and are nine in 
number. In the operator's 
pulpit is a pedestal on which 
is mounted the indicating 
instruments and control 
switches for the main d-c. 
circuit breaker. 

The oil circuit breakers are 
of 1200-amp. rating and have 
a one-second carrying capac- 
ity of 100,000 amp., a five- 
second capacity of 60,000 
amp., and a 14-second inter- 
rupting capacity of 52,300 
amp. at 6600 volts. Light- 
ning protection is provided on 
both the incoming and out- 
going lines by three-phase 
15,000-volt oxide-film light- 
ning arresters. The choke 
coils of 1!4-in. diameter solid- 
copper conductor are rated 
1200 amp. at 15,000 volts. 


Roughing and Finishing Mill 
The roughing mill and fin- 
ishing-mill drives are dupli- 
cates and only one will be 
described. The main rolls are 
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driven by a 7000-hp. (continuous) 50 deg. C. rise 
750-volt 65/100-r.p.m. motor; and the supple- 
mentary rolls are driven by a 1500-hp. 750-volt 
65 /225-r.p.m. motor. Both motors are force-venti- 
lated and are shown in Fig. 6. The greater speed 
range of the supplementary motor is necessary to 
compensate for various ratios between the main- 
roll and supplementary-roll 
diameters. Thecircuit breaker 
setting will allow the main 
motor to develop 14,900 hp. 
at 62.5 r.p.m. and under like 
conditions the supplemen- 
tary motor can develop 3500 
hp. at 61 r.p.m. 

The motor-generator sets 
for the roughing and finishing 
mills, Fig. 7, are similar to 
that for the blooming mill ex- 
cept that they have three 
generators instead of two, 
the third being required for 
the operation of the sup- 
plementary mill motor. The 
sets are over 50 ft. long, 17 
ft. wide and weigh 250 tons 
each. The stored energy of 
each set at synchronous speed 
is 190,000 hp-sec. 

Each mill requires a five- 
unit induction motor-gener- 
ator set for excitation. The 
high-reactance squirrel-cage 
motor, rated 150 hp. 750 
r.p.m. 220 volts, is thrown 
directly on the line for start- 
ing. One 50-kw. 250-volt 
direct-current generator ex- 
cites the fields of the 7000-hp. 
motor and a 15-kw., 250-volt 
unit excites the fields of the 
1500-hp. motor. The fifth unit 
is a 114-kw. generator used 
for field compounding. A 
two-unit induction motor- 
generator set common to the 
roughing and finishing mills 
furnishes a constant-poten- 
tial circuit for control opera- 
tion and for exciting the fields 
of the exciters. 

Both the main and supplemenatry motors are 
controlled from a single foot-operated master switch; 
and once they are adjusted they operate at the same 
relative speeds throughout the entire speed range. 
A pedestal having the necessary speed indicators, 
ratio meter, and control switches is mounted in the 
pulpit adjacent to the operator. 
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Power Supply 

A portion of the power supply at this plant is 
purchased, and the remainder is generated by a 
steam-turbine station, Fig. 8, that operates in parallel 
with the power company’s system. Purchased power 
is received at 60,000 volts, 3 phase, 25 cycles, and is 
stepped down to 6600 and 2200 volts through two 
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Fig. 7. The Four-unit Motor-generator Set That Supplies Direct-current Power to the 
Roughing-mill Motors. A similar set furnishes power to the finishing-mill drive 


Fig. 8. The Turbine-generator Units, 7500 and 12,500-kw. Capacity, which in 
Parallel with Purchased Power Supply the Mill 


banks of 15,000-kv-a. transformers for 6600-volt 
service and a single bank of 6000-kv-a. for 2200-volt 
service. The steam station contains two turbine- 
generator units, one of 12,500 kw. and the other of 
7500 kw. 

The transformer banks in the public-service com- 
pany’s lines furnish the block load of power at about 
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Fig. 9. Eight 300-amp. Auxiliary Control Panels and a Spare, and Two 600-amp 


Panels and a Spare, with the Resistors Mounted Above 
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Fig. 10. The Same Control Board as Shown in Fig. 9, but Viewed 
from the Other End 


Fig. 11. Motor Control Panels for the Furnace Doors, Valves, etc., with the 
Equipment Mounted in Two Rows 
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85 per cent load-factor; while the steam 
station, controlled by a peak-taker, fur- 
nishes the necessary peak-power supply. 
At times the load drops so low that the 
generators of the turbine units act as 
synchronous condensers. 

The transmission system consists of 
four circuits from the transformer sta- 
tion feeding into one corner of a loop 
system, with the steam station feeding 
into another corner at a point diago- 
nally opposite. The different substations 
and mill-motor rooms are fed from this 
loop system, the power feeding into the 
bus and out again to the next station. 
This arrangement gives power supply to 
any substation from two opposite direc- 
tions and assures a positive service. 

Two circuits supply the blooming mill 
motor room and four circuits feed the 
roughing and finishing mill motor rooms. 
Power for the mill auxiliaries is supplied 
from a substation in the finishing mill 
motor room. Three 400-kv-a. 6600 /220- 
volt transformers supply the a-c. auxiliary 
motors; and two 1000-kv-a. synchronous 
motor-generators supply the d-c. auxiliary 
motors. The d-c. bus is also tied to the 
d-c. loop-transmission system. 

There are 283 motors and generators 
aggregating 84,310 equivalent full-load 
horsepower involved in the driving of this 
structural mill; and the motor room that 
houses the roughing and finishing mill 
motors, together with the equipment for 
driving an adjacent 35-28-in. mill con- 
tains 85,000 hp. in motors and generators. 


Auxiliary Control 

The control panels are mounted in 
groups of eight or more in well-designed 
brick control houses and have a clearance 
of at least 48 in. back and front. Where 
possible, the panel houses are located 
near or in the motor rooms for the main 
mill drives, which arrangement makes 
possible the use of washed air for ventila- 
tion. Figs. 9 to 12 show front views of 
a group of 12 controls, nine of which 
are rated at 300 amp. and three at 600 
amp. The steel framework to which the 
controllers are attached also provides a 
support for the resistance banks, with pro- 
vision for walking in front of and between 
each set of resistor units. This arrange- 
ment gives easy access and good ventila- 
tion to the grids, and facilitates neat wir- 
ing between the controllers and resistors. 
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With each group of control panels there is mounted 
a spare controller in line with the regular controller 
boards, and in case of trouble this spare board can 
be cut in to serve in place of any of the regular boards 
by throwing the four-pole main and five-pole master 
switches on the base of the regular controller from the 
left or “regular” position to the right or “spare” 
position as shown in Fig. 13. . 

One of the master switches is shown in Fig. 14. 
These switches are mounted at a 50-deg. angle on a 
receptacle box, which has two rows or sets of female 
receptacles. The switches can be removed by releasing 
two thumb-nuts and lifting the switches from the 
receptacle. Two sets of receptacles are provided in 
each box, the set at the left 1s connected to the middle 
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Fig. 12. Another Group of Panels for Controlling Auxiliary Drives. 


The transfer switches on these panels are thrown to the 
“Regular” position 


of the five-pole switch on the regular control board, 
and the set at the right is connected in parallel with 
the right-hand receptacles in the other boxes, and the 
entire group to the spare side of the five-pole control 
switch on the spare panel. 

The master switches and receptacles are well 
designed, rugged and heavy, and the switches can be 
mounted on 734-in. centers, which gives the operator 
easy reach over a bank of eight. In front of each 
master switch is mounted a safety switch which can 
be used to open the control circuits to their respec- 
tive boards in case it is necessary for any of the 
repairmen to oil or repair the drives between the 
rolling of the bars. 

The control panels are all 90 in. high, the 150 and 
300-amp. panels are 32 in. wide and the 600 and 900- 
amp. panels are 40 in. wide. The apparatus on all the 
boards is lined up both vertically and horizontally 
and presents a symmetrical appearance. 

The panels like that in Fig. 13 are equipped with 
four directional contactors that operate in pairs and 
are in series with a line contactor. These place three 
series breaks in the motor circuit and open both sides 
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of the line. Three additional accelerating contactors 
are used to cut out the three steps of resistance and 
four magnetic-time relays give fixed-time acceleration 
and plugging. In each side of the line is a calibrated, 
instantaneous, overload relay so connected as to 
open the undervoltage relay which in turn opens the 
control circuit of the panel. These overload relays 
can be reset only by bringing the master switch to the 
off position. In addition to them, the equipment 


Fig. 13. A Close-up of One of the Auziliary-control 
Panels with Its Transfer Switches Thrown to 

the “Spare” Position 
includes a double-pole knife switch, provided with a 
lockout device for the main line; a double-pole fused 
knife switch for the control circuit; a four-pole double- 
throw knife switch for transfer of the motor lines: 
a five-pole double-throw knife switch for transfer of 
the control wires, and an ammeter shunt connected 
in the armature circuit of the motors. 


Operation of Control 

The operating coil of the line contactor is in series 
with the operating coils of the directional contactors. 
This contactor opens both sides of the line when the 
master switch is in the off position. On overload, 
voltage failure, or opening of the safety switch at the 
master switch, all these contactors will open; thus 
making three breaks in series in the motor circuit. 

The plugging relays are connected for time delay 
and are normally open, their operating coils being in 
series across the line. If the master switch is thrown 
to the forward position, the forward contactors close, 
which causes the motor to start with the total resist- 
ance inthe motor circuit. One of the forward contactors 
short circuits the operating coil of the first accelerating 
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relay, which at the end of a set time interval 
makes a circuit, closing the first accelerating con- 
tactor. This in turn short circuits the coil of the next 
accelerating relay and after a time delay the armature 
of this relay will drop, closing its contacts and energiz- 
ing the second accelerating contactor, etc. 

The relays are simple, strong, and rugged in con- 
struction and have no pins, dash pots, etc., to corrode 
and prevent the devices from functioning in accord- 
ance with their settings. The friction is a very small 
percentage of the operating torque. The contactors are 
quick in action and have sufficient blowout capacity 
to interrupt high currents without burning their 
contacts or arc chutes. 
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Fig. 14. Master Switch with Cover Removed and with’Switch 
Partially Separated from Its Base to Show How a Replace- 
ment Can be Readily Made 


The resistance banks were built at the steel plant, 
and consist of cast grids assembled in rolled-steel 
frames. Only one size of grid is used in each frame; 
and with terminals equally spaced each size grid 
bank is then interchangeable with one of the same 
number in any part of the plant. The grid banks are 
connected in series or parallel in accordance with the 
resistance required. Only four sizes of grids are used, 
and with this arrangement of frames they take care of 
practically all sizes of motors up to 500 hp. direct- 
current. 

The set of one-line schematic diagrams in Figs. 15, 
16 and 17 shows the wiring of two regular control 
panels and a spare panel, connected to their 
respective motors and master switches, and the change 
necessary to transfer from the regular control panel 
to the spare panel and from the regular master switch 
to the spare master switch. This scheme can be used 
with any number of panels but three only are shown 
for simplicity. With the switches thrown as indicated 
in Fig. 15, the regular master switch No. 1 operates 
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through the left-hand row of receptacles in box No. 1, 
over the regular master cable, through the control 
transfer switch to panel No. 1, which controls motor 
No. 1 through the motor transfer switch. The equip- 
ment to control the second motor operates similarly 
and the spare panel is idle. 


ao! 


Power e 9 
Transfer! ofo o 
ANNERES 


O e EE 


Control "o f 
Transfer! ° | 
Switches, 


ie 
l) 
i 
Fig. 15. Control Scheme Layout—Normal Operation. Regular 
panels, master switches and lines in use. Speres idle 
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Fig. 16. Emergency Operation. Spare panel and spare 
lines connected to motor No. 1 


If panel No. 1 becomes inoperative, the electrician 
throws the motor transfer switch and the control 
transfer switch to the right, Fig. 16. The regular 
master switch now operates motor No. 1 on the spare 
panel. When the trouble has been eliminated, the 
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switches on panel No. 1 are thrown to the left and the 
motor is then controlled from regular panel No. 1, 
leaving the spare panel free for use in the next case of 
trouble. 

Assume that trouble is experienced with the regular 
control cable No. 1. Removing the regular master 
switch No. 1 from the receptacle and replacing it with 
the spare master switch, then throwing the control 
transfer switch on the spare panel to the right and the 
motor transfer switch on panel No. 1 to the right, 
connects the spare master switch over the spare cable 
with the spare panel to operator Motor No. 1, Fig. 17. 
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Fig. 17. Emergency Operation. Spere master switch in 
place. Panel No. 1 and normal lines for motor 
No. 1 completely disconnected 


The master switch is arranged for one-point control, 
and for connecting the master switch and the safety 
switch to the control panel a six-conductor multi- 
colored cable is provided. 

The control cable has red, white, blue, green, black, 
-and yellow covered wires. The red wire is used only 
between the control switch and panel and safety 
switch, the white wire from the safety switch to the 
master switch, and the blue wire from the master 
switch to the undervoltage relay. These are the three 
“hot” wires. The green and the black wires are direc- 
tional, the green closing the forward and the black the 
reverse contactors. The yellow is a spare wire. 

The motor leads from the center of the double- 
throw four-pole switch on the panel are numbered 
from 1 to 4 from the top down. They come out of the 
condulet cover in the same order and connect as 
follows: No. 1 to the top armature wire, No. 2 to the 
bottom armature wire, No. 3 to top field wire and 
No. 4 to bottom field wire at the motor. The No. 4 
wire is a direct line through the line contactor and is 
connected to the grounded side of the plant system. 
This prevents voltage strain from grounding on the 
motor fields and brake coils. All wiring and con- 
nections on the different panels are symmetrical. 
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Fig. 18 is a schematic layout of the 54-in. reversing- 
mill tables, each driven by two 100-hp., 480-r.p.m., 
230-volt series-wound motors. The motors are con- 
nected to the same shaft and are electrically connected 
in series to one control panel. There are two such 
tables, one in the front and one at the back of the mill. 
The forward motion of the front table and the reverse 
motion of the back table are controlled by one master 
switch A. The reverse motion of the front table and 
the forward motion of the back table are controlled 
by a second master switch B. 

With a bar on the front table the operator throws 
the master switch A forward, which operates the front 
table forward and carries the bar into the rolls. When 
it has passed through the rolls the bar drops out on a 
dead back table, nosed in close ready to come back. 
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Fig. 18. Schematic Layout of the Mill and Elementary 
Connections of the Master Switches 


The operator then throws master switch A to reverse, 
which allows the front table to drift to a stop and 
starts the back table in the reverse direction, carrying 
the bar back into the rolls and when through the 
rolls it drops out on a dead front table. This keeps the 
bar close to the mill, runs the tables about 50 
per cent of time and avoids plugging. When the 
bar is rolled, the master switches A and B are 
thrown in the same direction, which operates both 
tables in the same direction and carries the bar 
away from the mill. 

The permanent installation of spare equipment 
obviously increases the first cost slightly, but a review 
of the advantages shows that the expense is justified. 
This system practically eliminates all delays due to 
failure in any part of the controller. In case of 
trouble, the maintenance man, by the simple opera- 
tion of throwing switches, quickly provides a new 
control panel, resistor, and set of control cable leads. 
He can then locate the trouble and remove it 
without delaying the mill. Also, when inspecting 
panels the maintenance men may cut out any single 
panel and change the tips or operating coils or 
adjust the relays without interfering with the mill 
schedule in anv way. 


297 


The New 84-in. Tandem Plate Mill of the 
Lukens Steel Company 


General Description of Plant and Products—Electrical Equipment—Roughing and Finishing 
Mills—Heat-treating and Charging Operations—Finishing Processes in Plate Production 


By J. H. MCELHINNEY 


Assistant General Superintendent Electrical Superintendent 
Lukens Steel Company, Coatesville, Pa. 


and W. H. BURR 


ation an 84-in. plate mill, replacing a mill of the 

same width built in 1871. The new mill is of the 
Tandem type, with a 2-high reversing rougher, and a 
4-high reversing finishing stand. It is designed to pro- 
duce plates, either blue-annealed or black, in thick- 
nesses ranging from 0.109 in. to 3⁄5 in., and in widths 
up to 72 in., and lengths up to 35 ft. Plates are rolled 
from either bottom-poured ingots or slabs, depending 
upon weights of finished pieces. Slabs and plates are 


ie 1927 the Lukens Steel Company put into oper- 
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induction motor, a 49,000-lb. plate steel flywheel, 
and three 1050-kw. 330-volt d-c. generators as well 
as the two main reversing mil] motors was fur- 
nished by the General Electric Company. The 
total stored energy of the rotating parts at 600 r.p.m. 
is 100,000 hp.-sec. These three generators are all dupli- 
cate machines. One of them is used singly to drive 
the roughing-mill motor, and the other two, with 
armatures in series and fields in parallel, are used to 
drive the finishing-mill motor. 
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Fig. 1. Plan of the 84-in. Mill of the Lukens Steel Company, Showing Location of Units and the Line of Production in the Mill 


handled mechanically through all the successive steps 
of heating, rolling, annealing, cooling, inspecting, 
shearing, weighing, and shipping. One exception to 
this is the “‘sketch’’ shearing, which is done by hand. 

The Lukens Steel Company operates, in addition 
to a 48-in. universal mill, four mills for producing 
sheared plate, vtz., a 206-in. (the largest plate mill in 
the world), a 140-in., a 112-in., and the 84-in. mill here 
described. The average gauge produced on this mill 
is naturally comparatively light; therefore the prob- 
lem of design was resolved largely into a matter of 
providing for the handling of a large number of light 
pieces. With this in view, the mill was laid out very 
compactly, with all equipment geared to as high a 
speed as practicable. The general design and installa- 
tion was handled by the United Engineering and 
Foundry Company. A diagrammatic plan of the 
equipment is shown in Fig. 1. 


Electrical Equipment for Main Roll Drive 
Electrical equipment for the main drive of the mill, 


consisting of a flywheel motor-generator set driven 
by a 3000-hp. 2200-volt 3-phase 60-cycle 600-r.p.m. 


The starting and speed regulation of this flywheel 
set 1s accomplished by means of a slip regulator. The 
normal control of the regulator is automatic; but hand 
control also is available at the main switchboard by 
means of a push-button switch. To provide the 
remote control of this regulator, a small d-c. motor, 
driving a winch, raises or lowers a heavy auxiliary 
counterweight which may be caused to bear on the 
electrode mechanism. The motor is so interlocked with 
the oil circuit breakers that when both breakers are 
open the electrodes are automatically raised to their 
highest position, but when either breaker is closed the 
mechanism tends to lower the electrodes to their 
lowest position. When the current taken by the 
motor increases to a point corresponding to the 
operating value of the torque motor, the lowering is 
retarded. 

Provision is made such that if the electrodes are 
not in the upper position it is impossible to close the 
oil circuit breakers. When stopping the motor-gen- 
erator set, the oil circuit breaker is opened and an 
auxiliary switch on the breaker starts the pilot 
motor, allowing the main counterweight to raise the 
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electrodes to their highest position. Two 800-amp., 
15,000-volt oil switches are provided for control of 
this motor-generator set. If it becomes necessary to 
stop this set quickly the motor can be plugged with- 
out danger to the equipment. 

The exciter set consists of a 150-hp. 220-volt in- 
duction motor driving a 50-kw. constant-potential 
exciter and two 30-kw. variable-potential exciters. 
In case of trouble with these exciters it is possible to 
supply excitation for the generators from the 250-volt 
d-c. shop circuit and use the 50-kw. exciter in place 
of either of the 30-kw. exciters. 

A 300-kv-a. bank of transformers furnishes power 
for the 150-hp. motor driving this exciter set, and for 
a 50-hp. 230-volt induction motor which drives a 
Clarage fan, furnishing 45,000 cu. ft. of air per min. 
at a pressure of three inches on water gauge, for 
cooling the main drive motor. Air for cooling the 
mill motors is taken from the mill through an air filter, 
provision having been made for the recirculation of 
a portion of the air from the motor room so that in 
cold weather the operator has control of the temper- 
ature in this room. 

The roughing-mill motor is rated 1200 hp. 330 volts 
d-c. at 25/50 r.p.m. Owing to the fact that the ingots 
or slabs were very short, it was found that in actual 
service it was not necessary to take advantage of 
speeds above 25 r.p.m. 

The finishing-mill motor is an exact dupli- 
cate of that used on the roughing mill, and has the 
same continuous and overload torque character- 
istics. By applying 660 volts to the armature it 
is possible to run it at double speed. Its rating is 
2500 hp. at 660 volts and 53/80 r.p.m. Both of 
these motors will develop repeatedly an operating 
torque of 600,000 lb-ft., or in emergency cases, 
700,000 lb-ft. 

Two field-control panels are furnished for control- 
ling the polarity and voltage of generators and the 
strength of the motor fields, automatic control 
of the motor fields being provided by two load- 
control regulators. An elementary diagram of con- 
nections for the 2500-hp. reversing mill drive is 
shown in Fig. 2. 

The two 6-point master switches which control the 
mill motors are located in the operator’s pulpit be- 
tween the two mills, where the screw-down and table 
controllers are also located. In this pulpit also are 
located two meter pedestals, each mounting an am- 
meter and tachometer. All a-c. starting is controlled 
from the main switchboard in the motor room on 
which are mounted meters, relays, etc. 

In addition to the regular ring oiling of the motors 
and generators, a circulating oil system supplies oil 
to all bearings on the main drive motors and bearings 
on the 3000-hp. motor-generator set. To this system 
is connected an oil centrifuge through which the oil 
is passed periodically for purification. 
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Roughing Mill : 

The 2-high reversing roughing mill is of the usual 
design, except that it is equipped with a United differ- 
ential screw-down, which permits keeping a plate 
square without ‘‘cornering,’’ even though rolled 
from a tapered ingot. The rolls are 34 in. by 84 in. 

A Geer universal spindle is used for driving the top 
roll, and a Fast flexible coupling is provided between 
the pinion stand and driving motor. 


Finishing Mill 

The finishing stand is of the widely discussed 4-high 
roller-bearing type and is the widest mill now 
being used equipped with roller bearings on the 
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backing-up rolls. For ten years, the Lukens Steel 
Company has operated a 4-high 206-in. revers- 
ing mill with complete success, and was the first to 
order a roller bearing type mill for rolling steel. The 
working rolls, 23 in. by 84 in., are driven by a revers- 
ing motor, while the backing-up rolls, 40 in. by 84 in., 
are driven through the friction from the working 
rolls. The top-roll spindle, main flexible coupling, and 
differential screw-down are duplicates of correspond- 
ing parts on the roughing mill. Oil-tight pinion hous- 
ings are bolted directly to the foundations, the pinion 
and necks being lubricated by a force-feed oiling sys- 
tem. One unusual feature is that guides and roll 
chucks for each working roll are cast in one piece, thus 
making it possible to set up a pair of rolls outside the 
mill, and with a hydraulic roll-changing device to 
make a complete roll change very quickly. 

The roller bearings exert two distinct influences: 
first, in the reduction of power; and second, in the 
production of flatter plates, through the avoidance 
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of changing roll contour by heat generated in neck 
friction. 

The finishing mill was designed and built complete 
in the shops of the United Engineering and Foundry 
Company. Mill tables were built by the Treadwell 
Engineering Company. 


Heating and Charging 

As shown on the plan (Fig. 1), semi-finished material 
enters the furnace room on two tracks located imme- 
diately in front of the heating furnaces. Tracks are 
low enough to permit charging and drawing opera- 
tions to be carried on over the tops of loaded cars. 

The heating furnaces are of the oil-fired recuperative 
double-chamber type, built by the George J. Hagen 
Company. They are equipped with Hagen high- 
pressure type burners, with Amco Tile Recuperators, 
which are set entirely above ground. Factors govern- 
ing the arrangement and design of the furnaces were: 
the small space available; the frequent flood stages 
of the famous Brandywine Creek, which is but a few 
feet away; and the small quantities in which plates of 
any one size are produced. 

Furnaces are charged and drawn by an overhead 
charging crane, built by the Wellman-Seaver- Morgan 
Company. In the heating section, the doors on the 
furnaces are electrically operated. By means of sec- 
tionalized collector rails, these doors are controlled 
by the charging crane operator. Lewis Automatic 
Door Hoists are installed on platforms located over 
the furnaces. 


Annealing 

If black plates are being produced, they are trans- 
ferred from the finishing mill directly to the roller 
leveller; while if blue-annealed plates are being pro- 
duced, they are transferred to tables as shown in 
Fig. 1 and through the annealing furnace before reach- 
ing roller leveller. 

The tables on the entry and delivery sides of the 
annealing furnaces are driven by motors that have 
a 4/1 speed ratio. The annealing furnace is of the 
roller-bottom type, and was built by the Costello 
Engineering Company. It is fired with low-pressure 
type oil burners, and is thermostatically controlled. 
A unique feature of the furnace is that rollers are car- 
ried on foundations independent of the furnace proper, 
and are equipped with roller bearings, and driven 
through worm gearing. A unit worm-gear reduction 
is provided for each roller, the worm shafts being con- 
nected end to end through flexible couplings, to form 
in effect a continuous side shaft; and with other flex- 
ible couplings the gear shaft is connected to each roller. 


Leveller 

The roller leveller is equipped with 13 levelling 
rolls, and a pair of pinch rolls at entry and delivery 
sides. Each roller is driven through a universal spindle 
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from an enclosed gear box. The machine was built by 
R. S. Newbold & Sons Company. 

The cooling, or layout, conveyor is of the usual 
roller chain type, and was furnished by the Link 
Belt Company. At the end of the cooling conveyor, 
plates are turned upside down for inspection, then 
turned a second time right side up, which two motions 
transfer from the cooling conveyor to the shear 
tables. The inspection turnoverand theshear approach 
tables were built by the Birdsboro Steel Foundry 
and Machine Co. 

Standard d-c. mill-type motors are used on most of 
the auxiliary drives. Flexible couplings are used on all 
auxiliary motor drives except mill tables and screw- 
downs. 


Shearing 

Side scrap is removed on a pair of rotary shears, 
designed and built by United Engineering and Foun- 
dry Company. An unususal feature in design of this 
shear is a bottom knife so large in diameter as to 
approximate a flat knife, whereby it was sought to 
avoid a ‘“‘set” in the edge of the sheared plate caused 
by ordinary rotary shears. The designer’s anticipa- 
tions in this respect have been fully realized. As a 
part of the machine itself the shear is provided with 
scrap choppers for cutting up the side scrap as it is 
removed from the plate. 

The end shearing is done on an ordinary ‘‘guillo- 
tine type” shear, although the arrangement is un- 
usual in that the length of plate is cut to a mechani- 
cal gauge, rather than to chalk marks on the plate; 
and the tables are so designed as to hold the plates 
perfectly square with the shear. Leaving the end cut 
shear, the plates are transferred into the shipping 
room, and over the scale. The shear tables, the end- 
cut shear, and final transfer were built by the R. S. 
Newbold & Sons Company. 

In addition to the arrangement for continuous 
shearing, the mill is equipped with a side shear for 
cutting sketches, and with a circle shear for cutting 
circular outlines of various diameters. 


Conclusion 

In any plant which includes such innovations as one 
of the first 4-high roller bearing mills; an altogether 
new type of rotary shear; provision for shearing 
plates to a mechanical gauge; and drive of both 
roughing and finishing stands with d-c. reversing 
motors supplied with power from one motor-generator 
set—some features must be worked out in operation. 
The ‘‘children’s diseases” in this case were con- 
tracted as usual; but, as usual also, did not prove 
fatal. Today the equipment, mechanical and electn- 
cal, 1s acceptably reliable; and the products of the 
mill-in all respects are meeting the company’s expec- 
tations. 
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Service Records of Auxiliary Motors 
in the Steel Mills 


Detailed and Accurate Maintenance Data Essential to Economical Production—Pre-mill Type, 
Early Mill Type, and Modern Mill Type Motors—Average Service of Bearings, 
Armature Coils, Commutators, and Shafts 


By A. C. CUMMINS 
Chairman, Standardization Committee, Association of Iron and Steel Electrical Engineers 


T is customary to consider the blast furnace as 
I the unit of production in steel plants that use raw 
materials in the form of ore, coke, limestone, and 
scrap, and produce steel in a finished marketable 
form. An investigation of the auxiliary motor equip- 
ment of a number of mills reveals the fact that over 
500 motors are required to drive the machinery for 
such a production unit. 

It is generally assumed that the demand for steel 
in the United States requires the operation of approxi- 
mately 225 blast furnaces. There must, therefore, be 
about 110,000 auxiliary motors in regular operation 
in the steel industry. These motors range in size from 
1 to 150 hp. and have an average rating of about 
25 hp. Thev are of many different types, furnishing 
varying, constant, and adjustable-speed service. They 
operate an average of 6500 hr. per year, as compared 
to 3000 hr. per year in other industries. Assuming 


that the cost of inspecting and maintaining these © 


motors is $30 per year, the total annual upkeep bill 
must be on the order of three and a third million 
dollars. It therefore is desirable to consider the main- 
tenance characteristics of these motors in order to 
show the importance of service records in analyzing 
motor performances in the industry. 

While many recent mill installations are com- 
pletely equipped with motors of modern design 
there are still many auxiliary motors in service which 
were designed before the severity of steel-mill duty 
was fully appreciated and which therefore are not 
well suited to the tasks they are called upon to per- 
form. Such motors will be referred to in this discussion 
as the Pre-mill Type Motor. The design of this motor 
was based on the early non-commutating pole railway 
motor, and while it possessed mechanical and elec- 
trical characteristics which fulfilled the requirements 
of the street railway service of that day, it proved 
inadequate when installed in steel-mill reversing 
service with the crude controllers in use at that 
time. 

The pre-mill type motor was followed in 1905 by 
the development of the so-called Mill Type. This 
motor was a decided improvement and remedied 
many of the weaknesses that existed in the earlier 
design. It possessed a shaft of ample dimensions, the 
commutation was improved, the frames were very 
much heavier in construction, and the feet were so 


reénforced that they rarely broke in service. Oil-ring 
bearings were substituted for waste-packed and 
grease-fed bearings. While the change in type of 
bearing was a great improvement, it introduced a 
new difficulty, vtz., these bearings permitted oil to 
leak into the motor and damage the insulation. This 
motor will be referred to hereafter as the Early Mill 
Type. 

In 1909 and 1910, additional refinements were made, 
and what is termed the Modern Mill Type Motor 
appeared on the market.The modern mill type motor 
differs chiefly from the early mill type by the addition 
of commutating poles to improve commutation, and 
changes in oil-ring bearing design which greatly 
reduced the amount of oil reaching those parts of the 
motor where it could damage insulation. These 
motors could be depended upon to give reliable 
service under severe operating conditions. The curves 
and discussion which follow are limited to the three 
types of motors, mentioned, vtz., Pre-mill Type, Early 
Mill Type, and Modern Mill Type. 

In 1915, engineers began the study of applying so- 
called anti-friction bearings to motors in steel-mill 
service as a means by which difficulties with oil could 
be eliminated. As there was a possibility of eventually 
selling at least 200,000 bearings at an average price of 
$40—an $8,000,000 potential market—roller-bearing 
manufacturers were quick to seize this field for sales, 
and enthusiasm for anti-friction bearings became 
quite general. It was customary to estimate that 
anti-friction bearings would eliminate 50 per cent of 
all motor failures. On the other hand, motor manu- 
facturers were not so enthusiastic. They believed the ` 
ultimate possibilities of the sleeve bearing had not 
been developed and that additional maintenance 
costs would be added on account of the greater cost 
of the anti-friction bearing. It was therefore not long 
until better sleeve-type bearings were designed. 
Today, the user may select either type with the assur- 
ance that troubles arising from bearings will be a 
source of fewer interruptions and much less expense 
than at any previous time in the history of the mill- 
type motor. 

The most recent development in steel-mill auxiliary 
motors is the so-called standardized mill-type motor, 
designed with the idea of procuring uniform ratings, 
external dimensions, and such other features as are 
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necessary to make motors of a given rating inter- 
changeable as units, regardless of the name of the 
maker. At the present time, one manufacturer has 
on the market a new line of motors built to conform 
to these standardized dimensions. Others will probably 
follow when business conditions justify the redesign 
of their existing lines. The ratings of these standard- 
ized motors and their dimensions were developed by a 
joint committee of the Association of Iron and Steel 
Electrical Engineers and the various mill-type motor 
manufacturers. Except for the bearings, standardized 
mill-type motors do not possess any basic features 
that differ from the mill-type designs of 15 years ago. 
It was the endeavor of those responsible for selecting 
the standardized features to adopt ratings and 
dimensions that would permit development of 
logically designed motors meeting the most severe 
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requirements of the industry, and at the same time to 
provide a more versatile motor which could be used 
in some applications usually considered as requiring 
the installation of the the general-purpose type of 
motor. 

At the time the Committee of the A. I. & S. E. E. 
were selecting the standardized mill-motor dimen- 
sions, it was necessary to make studies of motor 
service records in order to determine the weaknesses 
in existing designs and to endeavor as far as possible 
to attempt their correction. A questionnaire was sent 
to all of the steel manufacturers using mill-type 
motors, asking for information on questions relating 
to service. Detailed reports were also procured from 
several of the larger mills to be used for checking 
replies to the questionnaire. 

The results of this investigation have never been 
published and it is the thought of the writer that 
curves illustrating the service performance of mill- 
type motors in reversing duty might be of interest. 
The data collected originally covered a five-year 
period, but recently additional data have been secured 
which makes it possible to plot curves covering a 
service period of eight years, with a fair degree of 
accuracy. 
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Before going into a detailed consideration of the 
various curves and figures that follow, it is necessary 
to emphasize the fact that operating conditions in 
individual installations of auxiliary mill-type motor 
equipment differ so widely that it is impossible to 
verify average figures by comparison with single 
motor installations. However, it will be found that 
records covering groups of 100 or more installations - 
will closely check with the curves, provided the same 
relation of motors in reversing crane service and 
reversing mill-table service is maintained, vz., 40 
per cent mill tables, 60 per cent cranes. 

There are five principal causes of failure in mill- 
type motors in steel-mill service, as follows: 

(a). Bearing failures. 

(b). Armature-coil failures. 
(c). Cammutator failures. 
(d). Shaft failures. 

(e). Field failures. 

In Fig. 1 it will be noted that bearing failures in the 
modern mill-type motor are extremely few, and that 
an average life of something like 10 to 12 years per 
motor per set of bearings can be expected. This does 
not mean, however, that in 10 or 12 years the bearings 
may not have been the real cause of other failures. 
The longer bearing life shown by the modern motor 
is partially due to the greater proportion of anti- 
friction bearing motors included in this class, as all 
early mill-type motors which have been equipped with 
anti-friction bearings have been included in the 
modern mill-type classification. It is also interesting 
to note that the bearing life of a modern mill-type 
motor is about six times greater than that of a pre-mill 
type motor. There has been an increase in bearing life 
in all three types of motors during the past eight 
years; amounting to some 25 per cent for the pre-mill 
type motor, 35 per cent for the early mill type, and 
about 47 per cent for the modern mill type. 

Fig. 2 presents the history of the armature-coil 
failures in the three different types of motors. An 
increase of 35 per cent in the life of armature coils has 
been made in the pre-mill type motor, 30 per cent in 
the early mill type, and 43 per cent in the modern , 
mill type. It will be noted that the expected life of 
armature coils in the modern mill-type motor is 
nearly three times that in the pre-mill type. This, in 
the opinion of the writer, is due to the fact that the 
pre-mill type motors are wound with coils having 
cotton insulation, and accordingly are more easily 
damaged by heat and oil. Furthermore, the modern 
mill-type motor has better bearings and hence less oil 
finds its way into the windings. It 1s also noteworthy 
that in the three types of motors approximately the 
same relation in armature-coil life existed in 1920 as 
exists in 1927. As approximately the same increase 
in life is evidenced in all three types, there is n 
indicated improvement in _ steel-mill maintenance 
shop practice. 
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Another hazard to long life of the mill-type motor 
is the failure of commutators. There has been greater 
increase in commutator life than in any other one 
feature during the eight-year period. This increase is 
shown in Fig. 3. It is not easy to explain the improve- 
ment, as it seems to be equally large in both the most 
obsolete and the most modern motors. An oil-resisting 
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cement was developed by several manufacturers to 
prevent damage to commutator insulation, and it is 
understood that this is quite generally used. This 
cement may be responsible for part of the increase in 
commutator life. The practice of buying commutators 
factory assembled on bushings, instead of assembling 
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them in the steel-mill shops, may also be responsible 
for part of the improvement. However, data are not 
available to show what proportion of commutator 
replacements are made in this manner. Another 
possible reason is the more general use of carbon 
brushes specially selected for the motor on which 
they are used. 
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Shaft failures represent such a small item that 
further reduction will not greatly affect the service a 
motor will render. However, the curves in Fig. 4 show 
the pre-mill type motor to be lacking when compared 
with the modern mill-type motor. The records indicate 
that pre-mill type motors will break about 10 times 
as many shafts as the modern mill-type motors and 
about four times as many shafts as an early mill-type 
motor. 

The data collected on field failures proved so erratic 
that it was impossible to plot any curves of field life 
with assurance of accuracy. This condition can best be 
explained by the fact that an armature failure may 
result in an interruption to production primarily 
caused by a field failure. In such cases, the repair- 
men may replace the damaged field but report arma- 
ture failure as the primary cause of the trouble. This 
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difficulty in presenting field-failure data emphasizes 
the necessity of accurate records, honestly kept. 

Figs. 5, 6, and 7 show graphically the relation of 
causes of failure in each of the three different types of 
motors. In the pre-mill type (Fig. 5) armature-coil 
failures are the predominating source of trouble. 
Bearing failures are in second place. It is apparent 
that the method of attacking the maintenance 
problem in these motors is to devote special attention 
to eliminating obsolete sleeve-type bearings and if 
possible the use of fire-proof armature-coil insulation 
as a substitute for cotton. 

Fig. 6 1s a similar set of curves for the early mill- 
type motor. In this case bearing failures predominate 
again and armature coils are not far behind. The 
importance of better bearing design 1s again empha- 
sized in this set of curves. 

In Fig. 7, service curves of modern mill-type motors 
are shown. Armature coils are lasting 7 to 8 years, 
bearings over 10 years, and commutators over 20 
years. Armature-coil life has improved in the modern 
mill-type motor in the last three years, largely due 
to increase in the number of modern mill-type 
motors equipped with improved hearings. The 
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recommendation for further improvement in the 
modern motor is to concentrate on eliminating oil 
from the windings, either by improved oil-tight sleeve 
bearings or by anti-friction bearings. 

Maintenance engineers have been discussing the 
matter of increased life of motors after bearings have 
been changed from the sleeve to the anti-friction type. 
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Fig. 5. Pre-mill Type Motor; Relation of 
Causes of Failure 


The curve in Fig. 8 is the result of an effort to answer 
this question. All the motors whose records are plotted 
are either pre-mill or early-mill types, and are in 
extremely hard reversing-mill table service. They 
are not all equipped with magnetic control. These 
severe-service applications were selected for securing 
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Fig. 6. Early Mill-type Motor; Relation of 
Causes of Failure 


the data because sleeve-bearing motors previously 
in this service had a short life and it was hoped that 
definite data could be accumulated in a relatively 
short time. The resulting curve (Fig. 8) is practically 
a straight line indicating that regardless of the life 
with sleeve bearings, 314 times longer life per failure 
may be expected with anti-friction bearings. The 
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improvement would be much less if the motors 
changed to anti-friction bearings had originally been 
fitted with sleeve bearings of the most up-to-date 
design. In the writer’s opinion the replacement of 
sleeve bearings as originally supplied in modern mill 
type motors by anti-friction bearings is difficult to 
justify from an investment standpoint. 
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Fig. 7. Modern Mill-type Motor; Relation of 
Causes of Failure 
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No definite rules can be given to determine 
policies in replacing bearings. However, experience 
indicates that the following statements can be used 
as a guide: 


Years 


Approxinvate Service Using Anti-Friction Bearings 


Years 
Service Using Sleeve Bearings 


Fig. 8. Relation of Motor Service Using Sleeve Bearings and 
Anti-friction Bearings as Applied to Pre-mill and 
Early Mill-type Motors 


(1). On pre-mill and early mill type motors, space 
limitations necessitate replacing the old type of sleeve 
bearings with anti-friction bearings. 

(2). In the modern mill type motor, experiments 
indicate that improved sleeve-type bearings can be 
substituted for the bearings originally furnished, and 
that improvement in service life will result. The cost 
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of installing improved sleeve-type bearings will be 
much less than the cost of installing anti-friction 
bearings. 

(3). In purchasing new mill type motor equip- 
ment, anti-friction bearings can be procured at but 
slightly greater cost than sleeve bearings, and they 
are worth the additional cost. However, care should 
be taken in selecting the type of anti-friction bearings 
used, particularly if end thrust is developed in the 
armature shaft. 

Next, we come to the expected life per failure 
including failures due to all the causes listed and also 
due to other minor troubles which occasion service 
interruptions, but which do not result in shop repairs. 
These data are shown in the form of a curve in Fig. 9. 
In 1920, the modern mill-type motor was giving 19.6 
months’ life per service failure; in 1927, slightly 
over 25 months’, an increase of approximately 27 per 
cent. In 1920 the early mill-type motor delivered 9 
months’ service per failure, while in 1927 this had 
been increased to 1314 months’, or an increase of 50 
per cent. The pre-mill type motor in 1920 gave only 
four months’ service per failure. In 1927 this had been 
increased to 9.6 months’, or an increase of 140 per 
cent. On a percentage basis, the improvement in 
service per failure is much greater in the pre-mill type 
motor than in the modern mill type. This is logical, as 
equipment which causes most trouble always secures 
concentrated attention, and hence, as the older types 
of motors seriously interrupt production, the cor- 
rection of their weaknesses receives special attention. 

Improvements in mill-type motor maintenance 
have not resulted in tangible savings in maintenance 
costs in direct proportion to the increase in length of 
motor service per failure. In many instances such 
improvements have been effected by the use of higher 
grade materials, and the adoption of maintenance 
practices which have required the spending of more 
money. However, material reductions in maintenance 
costs have been effected, and the improvements in the 
reliability of service that these motors have rendered 
has resulted in production savings which, if evaluated 
would show that most excellent progress in the 
reduction of steel-mill costs has been accomplished. 

It has been suggested that much of the improve- 
ment in operating performance has been obtained 
by improvements in shop practice. To those who are 
familiar with the steel industry in its early days, it is 
not hard to recall that failures were so frequent that 
the difficulty of maintaining continuity of production 
pushed the shops to their uttermost ability. At one 
time it was the prevalent practice to make patch- 
work repairs of the crudest nature. It has required 
years to train shop organizations to realize that any 
repair but a most thorough one is a service liability; 
that dipping, baking, and impregnating are processes 
not to be classed as manufacturing frills but an 
absolute necessity to reliable and economical mill- 


307 


motor maintenance. This lesson has been learned by 
the industry and there has been a gradual improve- 
ment in the class of work turned out by the shops 
until, at the present time, many shops in steel plants 
are turning out repair work which compares quite 
favorably with new equipment leaving the manu- 
facturers’ test floors. Undoubtedly the shopmen 
deserve great credit for the improvement that has 
been achieved. 

The question of replacing obsolete motors with 
modern equipment is one that frequently arises. An 
inspection of the curves in Fig. 9 would indicate that 
the much longer life per failure rendered by the 
modern motor would well justify the replacement of 


28 
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Fig. 9. Months’ Service Per Failure (from all causes) 


in Mill Duty 


obsolete equipment. Unfortunately, it frequently 
happens that the investment required to make such 
changes is not merely that required to purchase new 
motors, because new bedplates, foundations, and 
mechanical drives must be provided as well, and the 
purchase price of the motor is but a small part of the 
total expenditure required. Under such conditions, it 
is often difficult to justify the capital expenditures 
necessary for replacements of this nature on the 
basis of savings in maintenance. 

However, motors that frequently cause production 
delays always have excessive maintenance costs— 
usually 10 or even 20 times the average. If proper 
records are available it is usually a simple matter to 
justify the investment required to effect a replace- 
ment and the whole manufacturing process profits 
as a result. It is therefore the duty of every main- 
tenance engineer to keep records of troubles with such 
accuracy and detail that he can learn where unreliable 
high-cost installations exist in the production trains. 
If this is done, there is no question that replacements 
can be justified, provided the records are dependable 
and the costs correct. 

The principal field for future increases in service 
life is not so much in improved equipment designs 
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as in a more general realization by the entire main- 
tenance organization that preventive measures in 
maintenance are superior to corrective ones. Proper 
vigilance on the part of those responsible for the 
inspection of mill apparatus to anticipate trouble 
before damage is done should be the aim of all 
maintenance engineers. The curves indicate that 
some progress has been attained. Just recently one 
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well-known steel-mill maintenance engineer made the 
statement that it could be proved that one efficient 
man in the field will save the work of three men in 
the shop. This statement does not seem to be an 
exaggeration, and it is probable that future improve- 
ments in motor service will be along the line of better 
maintenance practices, rather than radical changes 
in design. 


Pot-type Electric Furnaces for Lead Hardening 


dening has been developed in four sizes to 
operate at temperatures up to 1650 deg. F. 
Although capable of doing the same amount of 
work as previous designs of pot-type electric furnaces, 
it consumes less current. It utilizes the standard 
method of submerging the work in a bath of molten 
lead, and is particularly suitable for hardening and 


A NEW pot-type electric furnace for lead har- 


Fig. 1. 


General View of One of the Furnaces 


tempering chisels, files, drills, taps, dies, and other 
small tools or parts entering into the manufacture 
of a high-grade product. 

The four sizes cover a wide range of production 
conditions. The smallest has a maximum capacity of 
75 lb. of steel per hour at 1500 deg. F., an inside pot 
diameter of eight inches and depth of 12 in., with an 
overall diameter of 32 in. and a working height of 
32 in. The connected load of this size furnace is 11 
kw., furnished at 75 volts by single-phase trans- 
formers that step down the 220-, 440-, or 550-volt 
service to the working voltage. 


The 16-kw. size has a maximum capacity of 125 lb. 
of steel per hour at 1500 deg. F.; the inside dimensions 
are 12 in. diameter and 18 in. depth; the working 
height is 37 in. and outside diameter 38 in.; and the 
power supply voltage is 110, single-phase. A third size 
has a maximum capacity of 250 1b. of steel per hour 
at 1500 deg. F.; the inside dimensions are 16 in. 
diameter and 18 in. depth; the working height is 
453% in. and the outside diameter 4634 in.; the con- 
nected load is 29 kw.; and the power supply is 220 
volts, single phase or direct current. The largest size 
has a maximum capacity of 250 lb. of steel per hour 
at 1500 deg. F.; the inside dimensions are 16 in. 
diameter and 24 in. depth; the working height is 
453% in. and the outside diameter 4634 in.; the con- 
nected load is 29 kw. and the power supply 220 volts, 
single-phase or direct current. 

As a result of the inner melting pot not extending 
over the top of the furnace, very little heat is lost by 
being conducted out by the pot. The following figures 
of savings show the energy consumption of this type 
of furnace as compared with a construction where the 
pot extends to the outside and is supported by a top 
cover casting: 


SIZE OF POT Approximate Savings 


in Kw-hr. Per Hr. 


Diameter, In. Depth, In. at 1500 Deg. F. 
8 12 1.5 
12 18 2.5 
16 18 3.9 
16 24 3.5 


The principal features of the furnace are: (1) min- 
imum current consumption; (2) uniform quality of 
product; (3) lack of contact of pot with shell or cover 
of furnace; (4) use of direct-heat unmuffled heating 
unit of the metallic-resistor type; (5) ease of removal 
of pot; (6) improved working conditions; and (7) 
reduced fire hazard. 


309 


Application of Synchronous Motor-generator 
Sets to Steel Mill Reversing Drives 


Types of Reversing Drives—Power Requirements—Comparison of Synchronous M-g. Set 
and Flywheel Set—Description of a Typical Synchronous Installation— 
Results of the Operation of a New Set 


By L. A. UMANSKY 
Industrial Engineering Department, General Electric Company 


HE new electric drive, recently installed by the 
Standard Seamless Tube Company for driving 
their 32-in. reversing bar mill at Ambridge (Pa.) 
is extremely interesting to all who follow the progress 
of electric power in the steel industry. The interest 
of this drive can not be attributed to its exceptional 
size—its capacity is only moderate, as reversing mill 
drives go—but is due to certain radical departures 
from conventional lines heretofore considered essential 
for equipments of this nature. 


A- Pe ar Ling 
T T 
dd 
Current i" Oil. Il 
Transformer į Circuiti 
im Breaker 
Oi! n 
Circuit iasa 
Breakers je: 


Exciter |i! Set 


Reversing 
i Motor 


Elementary Diagram of a Typical Conventional 
Electric Drive for a Reversing Rolling Mill 
M—Reversing motor Gi, Gr—D-c. Generators 


1M—Slip-ring induction motor FW—Fly wheel 
— Torque motor 


Fig. 1. 


This installation marks another success of the 
synchronous motor in the industrial field. Not only 
is it a definite accomplishment, but it also is a fore- 
runner of future developments. 


Conventional Steel Mill Reversing Drives 

The well known layout, typical of electric drives 
used with reversing steel mills, is schematically 
represented in Fig. 1. The reversing motor (M) is 
shown supplied with power from two generators 
(G; and G:). This motor is started in either direction 
and is accelerated by changing the polarity and 
strength of the generator field and, further, by 


weakening its own field. Single- or double-unit 
motors, and one or two or more generators, connected 


in series or in multiple, as the case may be, were— 


and are still—used in different combinations. 

Common to all cases was the method of driving the 
motor-generator sets of these generator-voltage con- 
trol equipments. Slip-ring induction motors were 
universally used, and heavy flywheels were always 
provided, as part of the sets. The slip regulators (SR), 
usually of the liquid type, automatically inserted 
under heavy loads an additional resistance in the 
secondary of the induction motor (JM); the latter 
would then tend to slow down and the flywheel (FW) 
would give out part of its stored energy and thus 
relieve the motor (IM) and the power line from peak 
loads. The reversing motor itself and the d-c. gener- 
ators are, obviously, not assisted by the flywheel and 
should be designed to withstand the peaks. This 
layout 1s too well known to be elaborated here any 
further. 

A flywheel motor-generator set became a “‘fixture’’ 
of any steel mill reversing drive. It seems as if every- 
one has taken for granted that any reversing mill 
load is something from which the power line and the 
motor (IM) should be, by all means, protected by a 
flywheel, lest some trouble be invited. 

This was quite true some 20-25 years ago, when 
steel mill reversing drives were first brought out. 
It is unquestionably still true in a majority of cases; 
but it 1s as wrong to generalize this rule as any other. 

The capacity of power systems has grown by leaps 
and bounds in recent years. A momentary peak of, 
say, 5000 kw. imposed by a single mill drive, was 
previously considered as something quite serious, as 
far as the power lines are concerned. Now in many 
steel mills, regardless of whether they generate their 
own power or purchase it from a public utility, such 
a load peak would be regarded as a mere ‘‘drop in the 
bucket,” which may just as well be passed on to the 
line, together with other peaks on the same system. 

Many non-reversing mills, previously driven by 
induction motors and equipped with flywheels “to 
smooth out the peaks,” would now be free from any 
flywheels. A growing number of them are now driven 
by synchronous motors. 

Thus arose the question: Why not forego the 
flywheel on the reversing mill motor-generator set? 


310 June, 1928 


Then, why not use a synchronous motor for driving 
this set? Such questions are logical and legitimate. 
It remained to find a suitable case to analyze it and 
to give the proper answer by facts. 

The new reversing mill, laid out by the Standard 
Seamless Tube Company in the Fall of 1926, happened 
to be this case. 


Power Requirements of the 32-in. Mill 

The products of this Steel Company are seamless 
tubes, pierced and rolled from round billets. To 
produce these rounds, the company purchases heavy 
square billets, up to 1314 by 1314-in. size, and reduces 
them by rolling on a 32-in. reversing bar mill to 
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speed of 43 r.p.m.; higher speeds, up to 86 r.p.m., are 
obtainable by motor field weakening, with a corre- 
spondingly reduced torque. The continuous capacity 
of the reversing motor is 2150 hp. at 43-86 r.p.m. 
and 550 volts. 

To furnish power to this motor there were selected 
two 1000-kw. 720-r.p.m. 275-volt generators connected 
in series. The required maximum capacity of the 
generators, corresponding to the motor torque of 
600,000 lb-ft. at 43 r.p.m., is about 4000 kw. 


Synchronous M-g. Set us. Flywheel Set 
The next question was to decide whether the two 
generators were to be driven in a conventional way 


Fig. 2. 


mounted behind the brick partition at the right. 


View of the 32-in. Reversing Bar Mill, Driven by a 2150-hp. Motor. The latter is 


Mill tables, side-guards, 


screw-downs and other auxiliaries are electrically driven 


squares of suitably smaller cross-section. These 
Squares are then rolled in the same heat into rounds 
on the following 22-in. three-high mill. After this the 
rounds are reheated and enter the piercing mills. 

The final cross-section to which the square billets 
are reduced on the reversing mill depends, of course, 
on the size of the seamless tubes into which these 
billets will be ultimately converted. Seven- and six-in. 
squares represent the average, with the four by 
four-in. section being close to the minimum. An hourly 
output of 90 tons of finished weight is the average 
mill capacity. The mill consists of a single stand of 
rolls. Not more than one billet is in the mill at any 
given time. 

The general view of the 32-in. reversing mill itself 
is given in Fig. 2. 

A study of the power requirements has shown that 
the driving motor should have a maximum operating 
torque of over 500,000 lb-ft., with an emergency 
torque of about 600,000 lb-ft. The motor selected is 
capable of developing this torque up to its basic 


by an induction motor with a flywheel, or whether 
a synchronous motor could be used to an advantage. 

An induction motor, protected by a flywheel 
from high peak loads, could have in this case a smaller 
mean effective (R.M.S.) capacity than a synchronous 
motor. For example, a 1700-1800 hp. induction 
motor could be selected as against a svnchronous 
motor of about 2800 hp.; the latter will readily stand 
peak loads up to 4000 kw. or more at the d-c. end 
of the set. This increase of the capacity of the driving 
motor does not appreciably increase the cost of the 
equipment, however, as synchronous motors of a 
given rating are usually less expensive than induction 
motors of the same capacity and speed. Moreover, the 
elimination of the flywheel with its large bearings is a 
direct saving. Neither is any slip regulator required; 
this reduces still further the first cost and maintenance. 

The d-c. generators, driven at a constant speed 
by a synchronous motor, require lighter fields than 
identical generators comprising part of a flywheel 
set; in the latter case a certain drop of speed is 
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essential to get the desired benefit out of the flywheel, 
and therefore a special regulating equipment must 
often be provided to boost the generator excitation 
as the speed of the set drops off. 

Absence of flywheel also means that no special 
means need be at hand to bring the set rapidly to 
rest in an emergency; plugging or dynamic braking 
usually stops a flywheel set in two or three minutes; 
a synchronous motor-generator set comes to rest in 
even a shorter time after the oil circuit breaker is 
tripped. In addition to these, of course, the power- 
factor corrective feature stands foremost in favor of 
the synchronous motor driven set. 
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Fig. 3. Elementary Diagram of Connections of the Electrical 
Equipment Used to Drive the 32-in. Reversing Bar Mill 
of the Standard Seamless Tube Company and to 
Furnish 250-volt d-c. Power for Auxiliaries 
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M—Reversing motor 
S—Synchronous motor 
Actual Layout of the Electrical Drive 
A number of additional advantages of the syn- 
chronous type of drive will be made plainer when the 
layout of the electrical equipment 1s briefly explained. 


At the same time this reversing drive was consid- 


ered, this steel company needed an increase of their 250- 
volt d-c. capacity. It seemed very likely that a 1000- 
kw. motor-generator set would have to be purchased. 
Now, it was found that this additional capacity is 
needed at the same periods of the day that the 
reversing bar mill (and, therefore, the seamless mills) 
are running. There was no reason, therefore, for not 
mounting a third, duplicate 1000-kw. generator on 
the set and to operate it at 250 volts. It is far cheaper 
to suitably increase the capacity of the driving syn- 
chronous motor from 2800 kv-a. to 4200 kv-a. than to 
provide a separate 1400-kv-a. motor for the additional 
generator. Elimination of additional high-voltage oil 
circuit breaker equipment was another net gain. 
This arrangement would hardly be feasible, were 
a flywheel set used for the reversing drive because, 
with the speed of the set continuously varying, the 
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voltage of the third generator could not be held 
within reasonable limits; nor could it be made to 
parallel successfully with the 250-volt system unless 
a separate regulating means were provided. Thus the 
advantage of this simple, three-generator layout is 
fully realized because the synchronous motor was 
selected to drive the set. 

The elementary diagram of connections of these 
machines is shown in Fig. 3. The three duplicate 
1000-kw. 250/275-volt generators, Gi, Ge, and Gs, are 
driven by a 4200-kv-a. 0.8-p-f. 720-r.p.m. 2200-volt 
synchronous motor (S). Two of these generators, G, 
and Gz, connected in series, furnish 550 volts to the 
reversing motor (M). The third generator (G3) ener- 
gizes the general-purpose 250-volt bus; it also fur- 
nishes excitation to the synchronous motor (S). 

Two 250-volt exciters (E, and E) are mounted, 
one at each end of the set. Exciter E, provides the 
excitation of the reversing motor, and this is con- 
trolled through the exciter field. Exciter Es operates 
at constant voltage, energizing the control bus and 
the fields of G, and G,; the latter are controlled 
directly by contactors and resistors. 

Such mounting of the exciters was again greatly 
facilitated by the fact that the main set is driven by a 
synchronous motor. Were it a flywheel set, the: 
exciters thus mounted would need a separate voltage 
regulator; and more likely than not a separate motor- 
driven exciter set would be used, as shown in Fig. 1. 
This would require an additional oil switch, again 
increasing the initial cost. 

It is interesting that the third general-purpose 
generator (G3) serves as a “spare” to the other two 
generators—a spare which does other work in its spare 
time. If, in the future, the mill requirements should 
increase to such an extent that a higher operating 
speed will be essential, this can be readily provided by 
connecting the third generator (G3) 1n series with G; and 
G2; with approximately 820 volts applied to the motor 
(M), it will be rated about 3200 hp. at 65/130 r.p.m. 


Effect on Cost of Power 

The steel plant of the Standard Seamless Tube 
Company does not generate its own power, but 
purchases it from a large public utility. It was 
therefore advisable, before the application of a 
synchronous motor-generator set to this reversing 
drive was finally decided on, to study its effect— 
if any—on the cost of purchased power. Likewise, 
the opinion of the Power Company’s engineers on 
the whole subject was sought. 

The power rates included in this case the usual 
items of demand charge, energy charge, and the 
power-factor clause. 

With a synchronous motor-generator set the maxi- 
mum peak load of the reversing drive within its 
capacity is transmitted to the a-c. line as an approxi- 
mate 4500-kw. peak. With a flywheel set, of the 
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type shown in Fig. 1, the instantaneous peak value 
could be effectively limited by the slip regulator to 
approximately 2000 kw. Now, with a possibility that 
the peak load will be more than doubled, should not 
one expect the demand charge and, therefore, the 
power bill to go up? This was not, however, the case. 

The ‘“‘maximum demand” as defined in practically 
every power contract is not the maximum zmnstan- 
taneous peak, but the integrated demand over a 
definite period of time, e.g., 5, 15, or 30 minutes. In 
other words, this demand represents the maximum 
amount of kilowatt-hours consumed in any, say, 
15-min. interval. As the rolling mill load peaks are 
of a very short duration (a few seconds at a time) 
they do not affect in the least the integrated demand. 
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But the problem should have been considered from 
still another and broader angle. A power contract is, 
of course, binding on both parties to it. There was no 
doubt that the steel company could increase the 
instantaneous peaks, improve the power-factor, and 
obtain the corresponding reduction of power bills, 
remaining within the letter and the spirit of the con- 
tract. But, leaving the legal aspects aside, the question 
was whether the increased peak loads would or would 
not inconvenience in any way the power company. 

The engineers of the latter were, therefore, ap- 
proached and asked as to what they would rather 
have: An instantaneous peak load of 4500 kw. with 
an average integrated monthly power-factor of 95 
per cent; or a 2000-kw. peak load with a 75 per cent 


EA 
|Mot.Gen.Set | 


Aes ens 


est: Ò kv-a AE 
200kv-a. ‘ 
: Motor syn fe c pontrol for. 
uxiliary Motors : 
Basement Linge 40fL.0in. 
A-c Switchboard D-c Switchboard 


= n C SS 


Oil as Serer 
ele Te E rF 
F mi EES Hi 7 
U nE " 
Stairway 


Doorway 


Fig. 4. Layout of the Motor Room at the 32-in. Reversing Mill 


The latter merely depends on the amount of useful 
work done at the mill during this 15-min. period, 
and on the overall efficiency of the.electric drive. 
With a flywheel dispensed with, with its windage 
and friction losses and the slip regulator losses 
eliminated, the synchronous drive is naturally more 
efficient than a flywheel set drive. Hence the inte- 
grated demand, if anything, is reduced. 

The power-factor clause was next considered. It 
was estimated that a synchronous motor on this 
drive would improve the power-factor of the whole 
plant to the extent of changing from an average of 
about 75 per cent to about 95 per cent lagging. Any 
improvement of the power-factor above the 75 per 
cent value entitled the steel company to a suitable 
rebate. A simple analysis has shown that the expected 
power-factor correction will reduce the total monthly 
gross bill by about 5 per cent. This saving alone is 
sufficient to write off in about five years the cost of 
the complete electrical equipment for the new revers- 
ing mill. This is not an altogether bad investment, 
considering that the same electrical machines are 
doing the rolling work, in addition to the power-factor 
correction. 


power-factor? Needless to say, the power company’s 
choice was in favor of the former conditions. 

This helped to finally settle the question; and the 
order for the first electric steel mill reversing drive 
with a synchronous motor generator set was placed 
early in December of 1926. 


Installation 


The motor room plans were prepared by the 
electrical manufacturers and the construction and 
erection work was carried on by the steel company. 

Fig. 4 gives the general layout of the electrical 
equipment and Figs. 5 and 6 represent several views 
of the motor room. It is separated from the mill 
by a brick wall. The motor and the set are supplied 
with filtered air provided by two motor-driven 
blowers. Contactor panels for auxiliary drives are 
also housed in the same room. 

The layout is compact, yet ample clearances are 
left around the machines and control apparatus to 
make all parts accessible. Likewise, provision was 
made for possible future extension. 

This installation is a good example of the ever- 
growing tendency on the part of the steel mills to 
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well house and protect electrical equipment and to 
reduce, in this manner, the maintenance costs to a 
negligible amount. 

The equipment was put in service in the latter part 
of 1927 and has been in continuous operation ever 
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Fig. 5. General View of the 32-in. Mill Motor Room. The 2150-hp. 
43/86-r.p.m. 550-volt reversing motor is in the front; the synchro- 
nous motor generator set is seen in the middle background 
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maximum peak load was 3800 kw. on the 2200-volt 
line. As noted previously, with a flywheel set for the 
reversing mill, the combined peak would be about 
1800-2000 kw.; thus the use of a synchronous motor 
increased the instantaneous demand by some 2000 kw. 


Fig. 7. Shop View of the 2150-hp. 43-r.p.m. 
Reversing Motor During Assembly 


E enaa 
2 


i 


Fig. 6. Close-up View of the Synchronous Motor Generator Set. Switchboard and the 
reversing mill control are seen at the left 


since. It is interesting to see how closely were the 
expectations realized. 

Fig. 8 is reproduced from a high-speed wattmeter 
chart“) showing the typical input to the 4200-kv-a. 
synchronous motor, while the mill is rolling the 
heaviest billets (1314 in. by 131% in.). The general- 
purpose generator (G3) was then carrying a fairly 
constant load of approximately 500 kw. ; the combined 


(1) Thanks are extended to Mr. O. Meineke, Electrical Superintendent 
of -= Standard Seamless Tube Company, for furnishing this graphic 
record. 


If this were the only large electric drive at the steel 
plant and the principal user of powêr, then such 
increase of momentary peak loads might under 
certain conditions cause some concern. For instance, 
the capacity of the transformer bank, or of a trans- 
mission line could be the limiting factor, possibly 
imposing such conditions as to require a flywheel 
type of drive. 

Such a case, although conceivable, does not fre- 
quently occur. In the greatest majority of steel mills 
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with an electrically-driven reverser there are usually 
a number of other motor drives; for instance, at the 
plant in question there are installed a 5000-hp. 
synchronous motor (see Fig. 9), a 3500-hp. induction 
motor, several 1600-hp. and 800-hp. motors, all 
driving rolling mills—not counting many smaller 
units. The larger motors, 3500 hp. and 5000 hp. 
respectively, drive piercing and expanding mills 
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Conclusions 


What was found to be true at the Standard Seam- 
less Tube Company may be applied with equal 
reason to many other steel mills. In fact, this example 
of a reversing drive with a synchronous motor- 
generator set was quickly followed during 1927 in 


at least two cases, both by the General Electric 
Company and by other electrical manufacturers. This 
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Fig. 8. High-speed Wattmeter Chart, Showing the Power Input to the 4200-kv-a. Synchronous Motor Driving the Set 
During Heavy Rolling. The peak load is, in this case, close to 4000 kw 


. Of which about 700 kw. corresponds 


to the load on the general-purpose generator G;, shown in Fig. 3 


Fig. 9. 


A 5000-hp. 240-r.p.m. Synchronous Motor Driving the 51-in. Tube Expanding Mill at the Standard 
Seamless Tube Company, and Operating on the Same 2200-volt Power Line as the Motor-generator Set 


of the Reversing Mill. This is the largest seamless tube mill drive in the world 


the character of the load on these mills is such (a 
single pass of a tube through the rolls may last 
20 to 30 sec.) that the application of a flywheel is 
out of question. Hence, the load is imposed directly 
on the a-c. system; this is something which is usually 
accepted as a matter of fact. Now, if the peak loads 
imposed by 3500-hp. or 5000-hp. non-reversing drives 
are acceptable, there is no reason why the maximum 

estimated 4400-hp. peak load of the reversing motor 
should not be equally acceptable. The actual operating 
experience has fully proven this contention. 


first installation is, therefore, particularly interesting 
and noteworthy as it is undoubtedly a forerunner of 
still larger reversing drives similarly equipped. 

The power systems are still growing; their ability 
to absorb high-peak loads increases. It is but natural 
to expect that the day is not far distant when to 
provide even the largest reversing blooming mills 
with synchronous motor generator sets will be 
justified. Flywheel sets will still be built and used 


but their application will be a matter of judgment 
and not merely a question of habit. 
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Some Recent Developments in Motor Control 


Primary Purpose of Control to Make Motor Work—Trend from Current-limit to 
Time Control—Non-reversing, Reversing, and Plugging Operations— 
A-c. and D-c. Equipment — 


By B. W. JONES 


Industrial Control Engineering Department, General Electric Company 


NDUSTRIAL control as a branch of electrical 
I engineering is comparatively young. Twenty 

years ago, the control for industrial motors was 
fairly simple and consisted principally of manually 
operated devices. More recently, the development of 
this branch of engineering has centered around 
magnetic control, following which its advance has been 
more rapid. In the early days, one purpose of control 
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the current-limit system to one that more nearly 
accomplished the desired results. The system selected 
was one which accelerated the motor as a function of 
time, ż.e., ıt inserted a specified time delay between 
the accelerating steps. As will be pointed out later, 
this system has proved more adaptable for the mis- 
cellaneous types of loads than did the current-limit 
system. i 
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Fig. 1. 


seemed to be to protect the motor by preventing it 
from taking too much current during the accelerating 
period. Accordingly, the current-limit system was 
developed for both a-c. and d-c. motors. This system 
was ideal for protecting the motors because it pre- 
vented them from drawing more than a predetermined 
current during the accelerating period. If the load 
happened to be greater than that for which the con- 
trol was set, the motor would not fully accelerate; 
but this fault was charged against the load and not 
the control. 

When industrial loads became more varied and 
more exacting, the definition of control as a means 
for protecting motors did not seem to meet all 
conditions, and therefore a more adequate one was 
sought. Accordingly, control came to be considered 
as a means for making a motor do the required work up 
to the limit of its ability. With this viewpoint of the 
function of control, it was necessary to change from 


Series Wound Mill Motor 


Resistor 


Diagram of Connections and Sequence Chart for Magnetic Time-delay Control of Steel-mill Auxiliary Motors 


Time control has become very generally applied and 
will evidently remain. Control equipment of this type 
has been developed for both d-c. and a-c. motors, the 
latter including wound-rotor, squirrel-cage, and syn- 
chronous motors. Some details of these equipments 
will be described. 

In general, control can be classified under two 
heads, vrz., reversing and non-reversing control. 
For controlling the acceleration of a motor, a time- 
delay device is interposed between each accelerating 
contactor and its successor. This allows a definite 
interval of time for the motor to respond in speed 
between the closing of each accelerating con- 
tactor. If the motor is lightly loaded it will more 
readily respond in speed than if heavily loaded. 
Therefore, the current peak taken by a time-con- 
trolled motor will vary directly as the load, and this 
is the desired result. To protect against excessive 
torques or currents, overload relays are used. For d-c. 
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motors where excessive torques may result if the 
load becomes jammed, an instantaneous relay is used 
for protection; but for squirrel-cage motors a tem- 
perature overload relay is used because the motor will 
take a fairly high current to start but the torque is 
inherently limited and the only precaution necessary 
iS against overheating. Therefore, these combina- 
tions will cause the motor to accelerate any load 
which is within its capability and also will protect 
the motor against excessive torques or overheating. 

If the control provides reversing connections, such 
as are used for steel-mill auxiliaries where the motor is 
plugged for stopping, there enters another factor into 


Fig. 2. 


Front View of the Control Panel 
Shown in Fig. 1 


the control besides the simple time function. Some- 
times the motor is electrically connected in the 
reverse direction (called ‘‘plugging’’) while it is rotat- 
ing rapidly in the forward direction, and at other 
times the motor will be at rest when the reverse con- 
nection is made. When the motor is plugged, the 
total resistance needed in series with the armature 
of the motor may be 150 per cent ohms, “ but if the 
motor is at rest only one-third of this resistance is 
needed. It is therefore obvious that the two-thirds 
resistance could not be short circuited as a function 
of time because it would cause an undue loss of time 
for each cycle of operation. 

Reference to Figs. 1 and 2 will show how this prob- 
lem has been solved for d-c. control. Its action can be 
defined as accelerating as a function of time but stop- 
ping as a function of current. Relays PF or PR are 


(1) The 100 per cent basis of this valve is the armature-circuit resistance 
that will permit only 100 per cent current to flow when line voltage is 
applied to the motor at standstill. 
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connected across the armature and a section of the 
resistor. If the motor is at rest, the voltage across the 
coil of the relay will be the IR drop of both the arma- 
ture (which is small) and of the resistor which will be 
sufficient to close the relay and allow the plugging 
contactor to close. But if the motor is running in one 
direction and it is then reversed or “plugged,” the 
counter e.m.f. of the armature will oppose the JR 
drop of the resistor and the voltage across the relay 
coil will be the difference between the armature voltage 
and the JR drop. This resultant voltage will be some- 
thing between zero and the voltage that results from 
the standstill condition of the motor as just described. 
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Fig. 3. Contro! Panel Showing the Use of Escapement-type Timing 
Relays Mechanically Connected to Resistor Contactors 


When relays PF or PR have closed as a function 
of the counter e.m.f. of the motor, and have allowed 
the plugging section of the resistor to be short circuited 
by contactor P, the accelerating contactors are allowed 
to be closed consecutively under the control of the 
magnetic time-delay relays 1A, 2A, etc. The coil of 
relay 1A being connected across the plugging section 
of the resistor, and the coil of relay 2A being con- 
nected across the plugging and the first accelerating 
sections of the resistor, are both energized when the 
motor is first connected to the line and pick up and 
open their normally closed contacts. When the 
plugging contactor closes under the control of relay 
PF, or PR, the coil of the first accelerating magnetic 
time-relay 1A is short circuited. The short circuiting 
of this relay coil causes the coil to be deënergized but 
the flux decreases slowly, thus holding the armature 
closed for an interval of time after the short circuiting 
of the coil. This interval of time is adjustable from 
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one-quarter of a second to at least one second for each 
relay, which is sufficient for accelerating most loads. 

For the few cases where one second per relay is not 
a sufficient delay for the accelerating contactors, an- 
other timing relay is available. Fig. 3 shows this 
relay which is mechanically operated by the resistor 
contactors and can be adjusted over a range of two 


to eight seconds. Its prin- 
ciple of operation is that 
of an escapement. The de- 
vice 1s used quite exten- 
sively for controlling the 
acceleration of a-c. motors. 
The PF and PR relays for 
controlling the plugging 
contactor would remain as 
has been described. Fig. 4 
shows an oscillogram of the 
line current, the counter 
e.m.f. of the armature, and 
the resultant voltage im- 
pressed on the PF or the 
PR relay coil when used 
with an 80-hp. 230-volt 
series motor and when 
plugged from one direction 
of rotation to rest and then 
accelerated to full speed in 
the other direction. This 
illustration furnishes a 
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(2). By insulating from the reversing section the 
section of the master controller which governs the 
resistor contactors, these contactors cannot be 
reénergized by a quick throwover of the controller. 
If insulation were not present the resistor con- 
tactors might be held closed by a quick throwover 
of the controller and this would plug the motor 


Fig. 4. Oscillogram Taken While Plugging a Series Motor to Rest Followed by 
Acceleration to Full-speed in the Reverse Direction 


Curve A: Line current. 


Curve B: Counter e.m.f. of the motor. 


Curve C: Resultant of the counter e.m.f. and the drop across part of the resistor which 
is impressed on the coil of the reversing relay. 


graphic picture of the important factors in control- 


ling a d-c. motor. 


The outstanding and interesting features of this 


system of d-c. motor control are as follows: 
(1). By the use of two independent plugging relays, 


PF and PR, maximum protection is provided dur- 


e -- o 


Fig. 5. A Three-point Non-reversing Magnetic Controller for 
Accelerating Small Motors as a Function of Time 


ing the instant of plugging. When the motor is 
running in one direction the PF relay is active 
but the PR relay is inactive, though in the proper 
position to give protection when the equipment is 
suddenly reversed. No racing for the proper posi- 
tion takes place, because the relay is already in 
the correct open position. 


without resistance in the circuit and thus cause a 
flashover on the commutator. By using two plug 
relays and one insulated section on the controller, 
maximum protection is secured against this fault 
in operation. 

(3). Since the relays PF and PR can be adjusted for 
pickup over a wide range of voltage, the plugging 
contactor can be closed before the motor comes to 
rest. This is an important time-saving feature be- 
cause the motor would otherwise tend to come to 
rest quite slowly. If the counter e.m.f. of the motor 
had to reverse before the plugging contactor 
could reverse, much time would be lost on a rapid 
duty cycle. 

(4). All the relays are the same in essential details 
and each has only one coil and therefore no polarity 
requirements. Also, since shunt coils are used, the 
relays are the same for all sizes of motors. 

(5). Since the relays have no mechanical relation- 
ship to the contactors which they govern, the 
reversing and the resistor contactors can all be 
duplicates. ` 

(6). The principles used make the entire scheme of 
operation exceedingly simple and effective. 

For small motors (20 hp. and less) a small, compact 


starter has been developed. This equipment is shown 
in Fig. 5 and the same combination for reversing 
in Fig. 6. This type of equipment provides two 
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or three accelerating resistor divisions together 
with dynamic braking, provided the motor has a 
shunt field. These accelerating steps are cut out of 
circuit by a time action Which is obtained by an 
ingenious escapement device. One magnet places the 
fingers under a bias to close but they are retarded by 


Fig. 6. A Four-point Reversing Controller for Accelerating a Small 
Motor as a Function of Time, Dynamically Braking it to Rest, 
and Operating the Motor in Either Direction of Rotation. 


this escapement device. For a reversing equipment, 
reversing contactors are placed outside the starter 
circuit. Instead of plugging the motor as has been 
described, it is dynamically braked to rest. 
Of course, this applies only to motors 
having a shunt field. This operation also 
brings the motor to rest as a function of 
the counter e.m.f. and accelerates it as a 
function of time. 

' Since wound-rotor a-c. motors do not 
have a counter e.m.f. which can be used 
for operating a plugging relay in a manner 
similar to that of the d-c. motor, a differ- 
ent system has been devised employing 
timing relays which give a time interval 
when needed but which cause no delay 
when the motor starts from rest. 

For accelerating, each contactor except 
the last one carries an escapement timing 
relay similar to those just described, 
except that the contacts are normally open 
and close at a short interval of time after 
the contactor closes. This timing 1s adjust- 
able from two to eight seconds and governs 
the succeeding contactor. 

To accelerate a squirrel-cage mduction motor it is 
either connected directly to the line or 1s first con- 
nected to partial voltage until it has reached nearly 
full speed and then connected to line voltage. If the 
partial-voltage scheme is used, it is best to keep on 
partial voltage for a specified time and then to throw 


Fig. 7. 
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Automatic Time-controlled Compensator 
for Squirrel-cage Induction Motors 
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on full voltage. The practice of providing a time 
function instead of a current function to control 
this transfer from partial to full voltage is preferable 
because at partial voltage the motor frequently does 
not have much excess torque for acceleration; and if 
some variable such as increased load or low 
voltage exists, the motor might otherwise remain on 
partial voltage and cause overheating of both 
the motor and the starter. A time-governed control 
allows a sufficient time, under normal conditions, 
to accelerate the motor and if the motor has not 
reached the expected speed the motor should be 
connected to full voltage so that full speed can be 
reached. Fig. 7 shows a time-controlled automatic 
compensator. 

A synchronous motor is in principle a squirrel-cage 
induction motor while it 1s accelerating from rest to 
95 per cent speed, and therefore should be equipped 
with the same time-controlled starter. The excitation 
should be applied after the motor has reached a 
specified speed, as determined either by a relay that 
operates on the induced field current and frequency 
or by a definite-time relay that will have operated 
by the time the motor has attained this speed. Fig. 8 
shows a synchronous-motor starter. 

Test and experience have shown that a time func- 
tion is a very suitable and practical means for con- 
trolling the acceleration of all kinds of motors and 
loads. The reason why it has not been used more 


Fig. 8. Partial-voltage Syn- 
chronous-motor Starter in 
which the Starting Contac- 
tor is Held Closed as a Func- 
tion of Time and the Field 
Contactor is Closed as a 
Function of the Induced 
Field Current 


generally in the past has been 
due to the lack of practical 
and dependable timing de- 
vices. Much progress has recently been made 
along this line and therefore time-functioned control 
is coming into extensive use. 


319 


The Cold-rolled Strip-steel Reel for the 
Central Alloy Steel Corporation 


Duty Cycle—Taking Up the Slack— Maintaining the Strip Tension—Stopping at Fixed 
Angular Position—Connection Diagram of Control Equipment 


By A. SUKSDORF 
Industrial Control Engineering Department, General Electric Company 


rolled strip steel as it passes from the cold-strip 

mill stand, or the last stand if there are 
several operating in tandem. An equipment for 
controlling the drive of such a reel has been recently 
built for The Central Alloy Steel Corporation. The 
motor employed is of 25 hp. and the speed is adjust- 
able over a 4:1 range. 


A COLD-STRIP reel is a device for coiling cold- 
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Fig. 1. 


The functions of the control and the conditions of 
operation are as follows: To start and accelerate the 
motor to maximum speed; then, after the slack is 
taken out of the strip, to slow down the motor to the 
strip speed. The motor must hold constant tension on 
the strip while coiling and must also hold tension on 
the strip while the mill is shut down. In shutting down, 
the mill must stop at the same definite angular posi- 
tion each time. 


To start the reel the operator steps on the “Start” 
button (all push-buttons except the emergency stop 
button are foot-operated) and the motor is accelerated 
to its basic speed by contactors, sequenced and 
actuated by magnetic time relays. These contactors 
cut out sections of the starting resistor. From basic 
speed, the motor is further accelerated by two field 
relays that successively cut resistance into the motor- 
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3D8 = Sion Down Butor 
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EM = Emergency Stop Button 


Circuit Connections and Operating Sequence of the Control for the Reel Drive 


field circuit, thereby bringing the motor to maximum 
speed which is somewhat higher than the strip 
speed in order to take the slack out of the strip. The 
maximum speed to which the motor accelerates is 
adjustable and is determined by a hand-operated 
rheostat. After nearly all the slack has been taken 
up, the operator steps on the “Slow” button. This 
short circuits a field rheostat and decreases the 
speed of the motor. The strip-tension regulator 
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then comes into operation to keep a constant ten- 
sion on the strip. 

This strip-tension regulator is essentially a current- 
regulating device that controls the field current and 
thereby the speed of the motor in such a manner as to 
maintain the correct tension on the strip. The regula- 
tor is operated by two coils in opposition to each 
other. The main coil is connected across the com- 
mutating field of the reel motor; therefore the influ- 
ence of this coil is directly proportional to the arma- 
ture current of the motor. The other coil, which is in 
series with an adjustable rheostat that is mechanically 
connected to the field rheostat of the mill motor, is 
connected across the field of the last mill motor. Its 
influence is proportional to the setting of the field 
rheostat of the mill motor. 

‘The regulator does not handle the motor-field cur- 
rent directly but operates a relay that controls the 
field current through six relay contacts, each of which 
operates a section of the motor rheostat. Any change 
in the speed of the reel motor will affect the tension in 
the strip and therefore cause more or less current to 
flow through the armature circuit. This current acts 
on the main coil of the regulator to increase or decrease 
the field current. The cycle of operation of the 
regulator is comparatively rapid and therefore causes 
the motor to hold constant tension. . 

With the equipment in normal operation and the 
mill motor shut down with a strip in the mill, it is 
essential that the reel motor hold the strip in tension 
at reduced torque. This is accomplished by a normally 
open interlock on the last accelerating contactor of 
the mill motor panel. The opening of the interlock 
deénergizes all the accelerating contactors on the reel- 
motor panel and places resistance in the armature 
circuit of the reel motor which is then stalled and held 
on the line with 50 to 100 per cent of full-load torque. 

When the mill motor is again started, and the 
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interlock on the final accelerating contactor closes, the 
circuit is made for the accelerating contactors of the 
reel motor to close when actuated and sequenced by 
the time-limit accelerating relays. Under this condi- 
tion of acceleration the regulator still continues 
effective, while the field relays remain ineffective. 

When the drive is to be stopped, the operator steps 
on the “Stop” button; and the limit switch then 
starts to function. Part of the circumference of the 
limit switch is used to slow down the motor before it 
is taken off the line and the brake set. If the “Stop” 
button is pressed while this section of the limit switch 
is effective the reel will be carried around another 
revolution, so that the motor will always start to slow 
down at the same angular position of the limit switch. 
In the process of slow-down, increased field current is 
first put on the motor, next the series or starting resist- 
ance is cut into the armature circuit and a resistor 
connected in parallel with the armature. The limit 
switch is adjustable and cam-operated, so that the 
starting point of slow down may be adjusted to suit 
the conditions of operation. By the time the motor 
has reached the stopping position, it has slowed down 
to practically creeping speed. At the “Off” position of 
the limit switch, the motor is taken off the line and 
the solenoid brake set. The slowing down of the motor 
to a creeping speed and the setting of the brake insures 
the reel’s always being stopped in the same angular 
position with the jaws ready for the next strip. 

In case of serious operating trouble the ‘‘Emergency 
Stop” button is pressed, which immediately takes the 
motor off the line and sets the brake thus bringing the 
reel quickly to rest without regard to the angular 
position of the stop. 

In Fig. 1 is shown a simplified connection diagram 
of the control circuit, the main motor and field circuits, 
and also a chart that indicates the sequence operation 
of the different contactors. 


New Type Transformer for Post-top Mounting 


A new form of street- 
lighting transformer es- 
pecially constructed for 
mounting on the top of 
a trolley pole has simpli- 
fied theinstallation prob- 
lem by eliminating the 
necessity of drilling the 
pole for the secondary 
leads. It also eliminates 
theunsightlyappearance 
caused by mounting side- 
bracket transformers. 


A support just below 
the top of the trans- 
former carries insula- 
tors to which the street- 
lighting cable is dead 
ended. The primary 
leads are connected to 
these, while the second- 
ary leads go through the 
pole and out into the 
units through the brack- 
ets, thus leaving no ex- 
posed wires. 
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A Study in Welded Plate Girders 


Problem of Designing a Plate Girder—Step-by-Step Solution—Comparison of Weights of 
Welded and of Riveted Construction 


By FRANK P. MCKIBBEN 
Consulting Engineer, Black Gap, Pennsylvania 


consisting of a steel plate, called a web plate, 

to which other steel shapes such as angles 
and plates are attached along its two parallel edges 
to form flanges. Its function in a building or a bridge 
is to support loads or pressures acting transversely 
to its length. Briefly, a plate girder is a steel beam 
composed of a web and two flanges. Until recently, 
riveting was the sole means of connecting the flanges 
to the webs, but now welding is beginning to super- 
sede riveting. 


A PLATE girder is a structural steel member 


conservative value. For structures where capable 
welders and good inspection are employed, this 
value can safely be taken at 11,200 lb. per sq. in., 
giving for a 3%-in. by. 3%-in. triangular fillet a 
working unit stress of 3000 lb. per linear inch of 
fillet. . 

Rivets, ?-in. diameter, with shear and bearing at 
12,000 and 24,000 lb. per sq. in. respectively. 

Girder design is controlled by strength or deflection 
or both. In what follows it is assumed that _only 
strength need be considered. 
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Fig. 1. One-half of Welded Girder Designed to Carry 4000 Pounds Per Linear Foot with a 
Span of 40 ft. 0 in. Center to Center of Bearings; Design No. 4 


Note that %-in. by %-in. continuous fillets are used in piace of intermittent fillets determined by the calculations. 


As the design of welded plate girders differs some- 
what from that of usual riveted forms, the complete 
calculation for a typical welded girder is here pre- 
sented together with a comparison between the 
weights of several welded and riveted types. 

The problem succinctly stated 1s: Design an elec- 
trically welded girder, of 40-ft. span, to be supported 
at its ends, and to carry a uniformly distributed 
load of 4000 pounds per linear foot including the 
girder itself; and compare the result with riveted 
girders performing a similar function. 


The following assumptions are permissible: 


Shear on gross area of web, 10,000 lb. per sq. in. 

Tension in flanges, 16,000 lb. per sq. in. 

Compression flange assumed to be braced laterally. 

Shear on welded fillet, 9,000 lb. per sq. in. of limiting 
section. The permissible shearing values of fillets 
shown in Table I are based on this safe shearing 
strength of 9000 lb. per sq. in., which is a very 


WELDED PLATE GIRDER 
Design No. 4 (Figs. 1 and 2) 


Item A 
End shear = 4000 X 20 = 80,000 1b. 
f 80,000 ; 
Required gross area of web = —— = 8 sq. in 
aia 10,000 9? 


A web 42 in. by 4 in. meets this requirement but 
on account of web buckling use 42 in. by #5 in. 


Item B 
The horizontal distance between web stiffeners is 
given by the formula 


V 80,000 : 
saa a - (12, 000 — )= Xa x (12,000— é ) =46 in. 
Pe 13.1 
where d = distance in inches between stiffeners. 
t =thickness of web. 
V = vertical shearing force at section. 


A = gross cross-sectional area of web. 
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As the value of d from this equation exceeds the 
web depth of 42 in., the latter will be used as the 
approximate horizontal distance between stiffeners. 


Item C 
The cross-sectional area of the tension flange at the 
center of the span is: 


Net area = M —tth 
h'S 


No 5 
Welded 


No 6 
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Riveted Riveted welded welded Welded 


he Pe) » 
, ; 4 
w = ey pa oe 
vs a” Mas) yD soo! 
x W so N IN 
Ño x ne x TS 
xa i. 12% h z :* 
q.” ” z a v as 
: — aS] — oa 
x? “2 
t J $ 
o~ “ na z 2a 
P, u wā aa 
“3% Ww uw 2 wow 
wn 


All Webs 42°x%e All Fillets 3g x % 


Fig. 2. Central Sections of Girders, Nos. 1 to 6 Inclusive 


where M = bending moment at center of span. 
h’ = effective depth. 
S =allowable unit tension. 
t = web thickness. 
h = web depth. 
(Note that in this case the effective depth k’ and 
depth of web, h, are practically the same.) 


Section A-A 


Fig. 3. Plan of Lower Flange Showing Required Spacing for %-in. 
Fillets, Connecting Web and Flange at Ends of Girder; 
Design No. 4 


9,600,000 
42 < 16,000 
One 12-in. channel (25 lb.) = 7.35 sq. in. 
One 14-in. by j-in. plate= 5.25 sq. in. 


—— e m 


Total = 12.60 sq. in. 


Net area= — $ X% X42 =12.08 sq. in. 


Item D 

As the girder is loaded uniformly, the curve of 
moments is parabolic; hence, one-half length of the 
14-in. by #-in. plate equals: 


5.25 X (20)? 
eee eo ED Te. 
Make the plate 26.0 ft. long. 
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Item E 
Since the compression flange is supported laterally 
it will be made like the tension flange. However, 
if the #-in. cover plate on the compression flange be 
welded only along the channel flanges, the distance 
between these welds would be 12 in. or 32 times the 
thickness of the cover plate. As the maximum edge 
distance usually allowable is only eight times the plate 
thickness, the design as shown is not ideal. This diffi- 
culty could be overcome by punching two rows of 
holes in the compression plate and plugging these 
with weld material, thus connecting the plate to the 


J 
Section B-B 


Fig. 4. Plan of Lower Flange Showing Required Spacing for 
%-in. Fillets, Connecting Web and Channel, also 
Channel with 14-in. Plate; Design No. 4 


channel. However, since the distance in question is 


an internal and not an edge distance the design 
shown is considered adequate. 


Item F 
To determine the fillet at G, Fig. 3, proceed as 
follows: These fillets transmit the longitudinal shear 


X = Minimum Shearing Section 
Fig. 5. Cross-section of Triangular Fillet 


from web to flange. This longitudinal (horizontal) 


VO 


shear = 


where 


V = vertical shearing force on web at the sec- 
tion under consideration. 


Q=statical moment, about neutral axis of 
girder, of that part of flange section out- 
side of plane on which longitudinal shear is 
desired. 


I=moment of inertia, about neutral axis of 
girder, of the entire cross section of web 
and both flanges at section under considera- 
tion. 
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Thus at end of girder: 
V = 4000 X 20 = 80,000 1b. 


Q=statical moment of one channel 
= 7.35 (21.53—0.68) =153 


I=moment of inertia of web and two channels 


Ty X ps X 423 =1929 
2 [7.35 (21.53 —0.68)?+4.5] = 6409 
I = 8338 


Fg OES 1470 lb. per linear inch on two 
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cover plate ends are obtained in a similar manner. 
Thus: 


For fillet H, Fig. 4 
V =4000 X 13 = 52,000 1b. 
Q =7.35 (21.53 —0.68) +5.25 K 21.72 =153 + 114 =267 
I =8338+2 [5.25 X 21.72?] = 13,308 
VQ 52,000 X 267 
I~ 13,308 = 1040 for two fillets H or 520 lb. 
for one fillet. 


Pitch of §-in. by #-in. fillets one inch long 


I 8338 are Ose | ay (see Fig. 4). 
fillets marked G in Fig. 3, or 735 lb. for each. 520 
PRA SE AJ NCR if | 
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Fig. 6. Half-through Riveted Plate Girder of Railroad Bridge 


From Table I the shearing strength of one #-in. 
by #-in. fillet per linear inch is 2400 1b., therefore 
the spacing required for these fillets at the end of 
the girder is: 


2400 3.07 in., arranged as in Fig. 3. 


735 


While Fig. 3 shows fillets only one inch long as 
illustrating the results of these calculations, the 
writer’s experience with welding in shops shows that 
with one-inch fillets, t.e., one inch in length, the crater 
remaining at the end of each fillet forms too great a pro- 
portion of the short weld. If fillets two inches long were 


used, the computations would give ee = 6.5 in. 
This requires fillets 2 in. long alternating with open 
spaces 4) in. long. However, continuous fillets are 
recommended for this girder as shown in Fig. 1. 


Item G 
Fillets H and J, Fig. 4, at a point 13 ft. from 
the center of the span where the 14-in. by #-in. 


For fillet J, Fig. 4 
xO 52,000 X 114 

T 13,308 — 
beads or 225 lb. for one. But as the spacing for inter- 
mittent welds required for beads J to connect the 


= 450 lb. per linear inch for two 


TABLE I 
Safe Permissible Shearing Values of Fillets for Use 
in Design 
ae n = Tnch of Fillet at 9000 Lb. 
(Inches) (Inches) (Inches) age rai Toa bot : 
(Fig. 5) (Fig. 5) (Fig. 5) Per Sq. cea x 
4 lo 0.355 3200 
38 1% 0.300 2700 
36 3g 0.266 2400 
KA 3g 0.208 1870 
A \4 0.177 1600 


14-in. by #-in. 


2400 ý , ; 
a 10.6 in., a distance so great as to afford insuf- 


225 
ficient protection against buckling of the ł-in. cover 
plate on the compression flange, these fillets J will be 


cover plate to the channel is 
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made not to exceed 16 times the thickness or 6 in. as 
shown in Fig. 4. 


Item H 

End stiffeners over the bearings may be of four L’s 
4 in. by 3 in. by 3 in. for riveted, or four flats 4 in. by 
7s in. for welded girders, designed as follows. On 
account of unequal bearing resulting from the girder’s 
deflection let us assume that three-quarters of the 
end reaction is carried by each pair of bearing stiffen- 
ers., t.e., 4% X 34 X 80,000 = 30,000 1b. per stiffener. 

In thirty years’ experience with steel construction, 
the writer has observed only two cases where stiffeners 


~ 4 "d 
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The average actual unit compression 
_ 30,000 
4 X (ie) 
The 4-in. by 3%-in. flat bars or 4-in. by 3-in. by 74-in. 
L’s are satisfactory; the former for use on welded and 
the latter on the riveted girders. 


= 13,300 1b. per sq. in. 


Item J 
The length of #-in. by #-in. fillets required to 
transmit end shear from each end stiffener into the 
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Fig. 7. Fabricated Welded Girders for Upper Bearing Bracket of 19,000-kv-a. Waterwheel Generator 


were weak and in both instances the angle failed by 
buckling in the outstanding leg near the bottom. 
Each stiffener will therefore be designed as a 
column 8 in. long and only the outstanding leg will 
be assumed to carry the load of 30,000 1b. 
For a 4-in. by 3-in. section the radius of gyration 
squared about central axis parallel to longer side is: 


In Fig. 1, which shows the welded girder, these 
fillets are extended from bottom to top flange. Con- 
tinuous, not intermittent welding, has been used 


TABLE Il 
Comparison of Weights of Riveted and Welded Girders 


: R Per Cent 
D Weight Pounds Saved 
ne x 4x (w) 27 r (Pounds) Over Na. 1 a babe Remarks 
4 X Te 1024 
oe : : ‘ i 7498 TIR Riveted 
and the average permissible unit compression is: 2 6455 1043 13.9 Riveted 
16.000 3 6282 1216 16.3 eon 
, = . 4 5572 1926 25.7 elde 
= = 14,300 Ib. per sq. in. 5 6012 1486 19.8 Welded 
iC es 6 5467 2031 27.1 Welded 
20,000 (1654 
TABLE III 
WEIGHT OF WELDED GIRDER, No. 4 
Section Expression ees Remarks 
2] Channels 12 in; (25 1b.) Ur Al Tic U Ite sk iit ace dk 2X25 X41 2050 Flange 
2 Plates 14 m Dy 4 in. Dy 20 1h. O40. ss 4 ee we 217.85 X26 930 Flange 
I Piste 42 in: by ve in. DY: 41 fe, OAR eos Sw eae ss 44.63 X41 1830 eb 
S Pilate E a an. a a £65.06 ities os EOE E dees 8 X7.68 X3.5 214 End Stiffeners 
20 Piste a ii: by eim Dy 3 ft. G itiee 8x4. cianee es ieres 20 X6.8 X3.5 476 Intermediate Stiffeners 
2 Petes 12 Oe FA Be Le 2 oe ic rn £6 se ee 2%30:6 1.17 72 Bearing Plates 
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throughout even though calculations show the latter 
to be of sufficient strength. The continuous fillet is 
more desirable, particularly in the top flange; and it 
costs little if any more than the intermittent, espe- 
cially if automatic welding machines be used for the 
continuous fillets. But if intermittent fillets be used, 
a minimum length of two inches exclusive of the 
crater is a desirable practical limitation. 


COMPARISON OF WEIGHTS 


To compare the weights of welded and riveted 
girders Table II is presented, showing that a saving 
of 27.1 per cent in weight of steel results by using 
welded girder No. 6 instead of riveted girder No. 1, 
t.e., 27.1 per cent of the riveted girder. But this is 
not quite a fair comparison because the riveted girder 
No. 1 has flange angles only, which extend the entire 
length, whereas in welded girder No. 6 weight has 
been minimized by cutting off the flange plates to 
conform with the parabolic moment curve. On the 
other hand, the riveted girder No. 1 is a type in very 
common use and the comparison presented is justifi- 
able. Another, and more equitable comparison is 
furnished by riveted girder No. 2 and welded girder 
No. 6, as each has the outer flange plates cut 
to meet the moment requirements. A saving of 
6455 — 5467 =988 lb. or 15.2 per cent is shown for 
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the welded girder No. 6, t.e., 15.2 per cent of the 
riveted girder. 

A more precise comparison of weights would take 
cognizance of rivet heads and punchings from plates 
and angles on the one hand, with weights of welding 
electrodes consumed on the other. 

For the sake of completeness, the weight calcula- 
tions for the welded girder No. 4 are given in Table III. 
Other weights are similarly computed. 


CONCLUSIONS 


A study of the results obtained reveals that the 
saving in weight of welded girders is due to the follow- 
ing factors: 

(1). Elimination of all loose fillers. 

(2). Use of flat bars instead of angles for stiffeners, 
thus eliminating the metal in angle legs in 
contact with the web. 

(3). Elimination of rivet holes in tension flanges, 
because gross areas are used in the welded 
designs and net areas in the riveted. 

(4). Inasmuch as the ‘‘web equivalent” in welded 
girders is one-sixth the web area, while in 
riveted girders it is only one-eighth, smaller 
flanges are permissible in welded types. 

Thus, based on savings in weight alone, welded 
girders have great possibilities. 


Electrification Reduces Dredging Costs 24 Per Cent 


Unusual interest is attached to the results obtained 
from the conversion of two steam-operated dredges 
to electric drive. These dredges are the property 
of the Menantico Sand & Gravel Co.; and they 
had been equipped with 225-hp. Corliss engines 


been in operation a sufficient length of time to make 
comparisons available between the superseded steam 
and the present electric drive. In addition to the 
realization of those benefits common to electric 
drive, such as cleanliness, simplicity, safety, and 


Exterior and Interior Views of One of the Electrified Dredges 


belted to 12-in. pumps employed in excavating sand 
and gravel for road and building purposes, and also 
for foundry and sand blast uses. Four thousand-volt 
synchronous motors of 300 hp. at 450 r.p.m., with 
full automatic control, were installed to replace 
the steam engines. 


These electrically-operated dredges have now 


service reliability, the following. condensed data 
from the operating account furnished by the owner 
show in a rather astonishing manner the further 
advantages after the conversion from steam power: 


Annual running time of pumps....... Reduced 15 per cent 
Labor cost per ton..............000. i 56 “o ~“ 
Unit cost per ton................... ü 24.0 @ 
Annual production.................. Increased 60 “ “ 


326 June, 1928 


GENERAL ELECTRIC REVIEW 


Vol. 31, No. 6 


Short-time Current Carrying Capacity 
of Copper Wire 


By E. R. STAUFFACHER 
Superintendent of Protection, Southern California Edison Company 


concentration of energy at some point where a 

short-circuit or flashover to ground occurs 
becomes correspondingly greater; and one of the pre- 
dominating present-day requirements of electrical 
apparatus is its ability to withstand short-circuits. 
This applies also to the manner in which the equip- 
ment is installed and utilized, in other words, to the 
design of the power house, substation, transmission 


AÑ POWER systems grow in size the possible 


which might occur during a fog or rain as a result of 
minute current leakage over the insulators, across 
the crossarms, and down the pole. 

In case of a flashover of an insulator to ground, or 
the simultaneous flashover of two insulators, it will 
be necessary to have the copper wire used for bonding 
of such size that it will not be melted by the short- 
circuit current within the time required to clear the 
faulty line from the system. This time depends upon 
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or distribution line. The utilization of copper wire 
in apparatus or as some connecting link in the 
scheme for controlling short-circuit currents should 
therefore be considered not only from the stand- 
point of continuous carrying capacity but also 
from the standpoint of its short-time current carrying 
capacity. 

The ability of copper wire to withstand heavy 
currents for short periods of time, varying in length 
from a fraction of a second to a few seconds, has 
been studied; and the results are given in this article. 
One of the applications where a knowledge of the 
short-time current carrying capacity of copper wire 
is of value is where copper wire is used for bonding 
and grounding the insulator pins of wooden pole 
transmission lines or distribution lines operating at 
10 kv. or above. This bonding is occasionally em- 
ployed for the purpose of preventing pole-top fires 


600 300 2000 
Current (Amperes) 
Fig. 1. Chart Showing Ultimate Rating of Copper Conductors with Respect to Current and Time 
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the protective relay settings and the speed of operation 
of the oil circuit breakers connected to the terminals 
of the line in trouble. 

The consideration of short-time current carrying 
capacity of a copper conductor is also desirable when 
laying out the ground busses in generating plants and 
substations. However, the carrying capacity of the 
joints, a function of the temperature at which the sol- 
dering or brazing will melt, is more of a determining 
factor in station design than in the bonding of wooden 
pole transmission line insulator pins. 

The values of short-time current required to melt 
copper conductors, as given by the chart shown in 
Fig. 1, were calculated by the formula: ® 


33 (2) s=1 (£41) 
Ap Oe PEON 74 


(1) This formula was developed by I. M. Onderdonk. 
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where 
I =the current in amperes 

A=the cross-sectional area of the conductor in 

circular mils 

S=the time in seconds that the current J is 

applied 
t=the difference in temperature or the tempera- 
ture rise of the copper. 

The calculations are based on a value of 1083 
deg. C. for the melting point of copper and on the 
following assumptions: 

(1) Ambient temperature of 40 deg. C. 

(2) Radiation neglected due to short time. 

(3) Resistance of one cm.* of Cu at 0 deg. C. 

taken as 1.589 microhms. 

(4) Temperature coefficient of Cu at 0 deg. C. 

taken as 1.234. 
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Fig. 2. Melting Points of Tin and Lead 
Alloyed in Various Proportions 


It must be understood that the application of the 
foregoing formula is limited in that it applies only 
to short periods of time and that heat storage only 
in the copper itself is considered. When a long period 
of time is involved, t.e., in the order of several minutes, 
radiation becomes a factor and the copper wire would 
require a longer time to reach melting temperature 
than indicated by the formula. 

The values for the charts were calculated by 
solving for I as follows: 


33 (7) S=10 (=+) 
A br (374 


io (— +1) 
(;)'= a 274 
A} 33 S 
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t 
loge (+1) 
I gu 574 t} 

A 33 S 


The temperature of the melting point of copper is 
taken at 1083 deg. C. and the temperature of the air 
at 40 deg. C. 

The temperature difference is then 1083 deg.—40 
deg. = 1043 deg. C. 

The time is first taken as 1 second 

Then 


A y logio 4.807 


0.68187 
33 


=A 


=A v/0.02066 
= A X0.14374 (S=1 sec.) 


In considering a longer time, 10 seconds is taken 
as the maximum. 


Then 
I=4 (0.68187 
33 X 10 


=Av/0.002066 
= A X 0.04547 


(S=10 sec.) 


The same formula can be applied where the melting 
temperature of the soldering materials used in making 
up the joints in the copper conductor is the determin- 
ing factor. In the case of ordinary solder, the 
value of t would be about 183 deg. C. minus the tem- 
perature of the air. The curve in Fig. 2, taken from 
the Smithsonian Physical Tables, shows the melting 
points of an alloy of tin and lead in a full range of 
proportions. Where brazing is used, a reasonable 
value for t is 450 deg. C. minus the temperature of 
the air. 

The author wishes to express his appreciation of 
the suggestions given by W. W. Lewis and J. E. 
Clem in making a study of this subject. 
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The Hall High-speed Recorder 


By CHESTER I. HALL 
Developmental Laboratory, Fort Wayne Works, General Electric Company 


from an insistent demand from operating com- 

panies for an automatic device which would 
give a complete record of the characteristics developed 
in an electrical circuit, such as a transmission or dis- 
tribution line, during and immediately following the 
occurrence of an accidental fault. Since its develop- 
ment many other applications have been suggested; 
but its greatest usefulness has been found in connec- 
tion with transmission systems where it furnishes a 
record of the condition of the circuit upon the occur- 
rence of unusual disturbances, such as short circuits. 


Te development of the Hall recorder resulted 


Fig. 1. The Four-element Type High-speed 
Recorder 


The need of a device of this character has been 
brought forcibly to the attention of engineers many 
times by the complete failure of transmission systems 


Fig. 3. The Single-element Type High-speed Recorder 


due to the development of an accidental fault which, 
though incidental in itself, 1s the primary cause of 
breakdown. The point or time at which these dis- 
turbances are liable to take place cannot be prede- 
termined, so that in the past it has been impossible 
to obtain satisfactory data showing the sequence of 


the various steps causing these failures. With the in- 
stallation of high-speed recorders at various points 
on a system, these data can be obtained, and an 
accurate analysis made of the particular system 
under these abnormal conditions. 


The Interior Construction of a Four-element Recorder, 


Fig. 2. 
Showing Light Source, Galvanometers, and Means of 
Projecting the Record-tracing Beam Onto the Film 


Two principal forms of the High-speed Recorder 
have been developed. These are the four-element 
recorder shown in Figs. 1 and 2, and the single-element 
recorder shown in Figs. 3 and 4. Both of these forms 
begin to record automatically through the operation 


Fig. 4. Interior View of the Single-element Type Recorder 


of a high-speed relay on the occurrence of a disturb- 
ance, the records being made on standard photo- 
graphic film. 

The four-element recorder, as its name implies, has 
four recording elements and obtains simultaneous 
records of current, voltage, or other quantities which 
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THE HALL HIGH-SPEED RECORDER 
Arc Started by Lightning in an Overhead Line 
Failure of Two Cables Upon Circuit Voltages and Current 
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A Typical Record Obtained by a Four-element Recorder, Showing the Progress of an 
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it is desired to record, the various records being 
produced with respect to a time base. In the standard 
form the device is equipped with three voltage ele- 
ments and one current element, the measurements 
giving phase-to-ground potential and neutral ground 
current. The high-speed relay is usually connected in 
the neutral ground circuit and starts the recorder 


Fig. 7. Detailed Views of One of the Recording Elements 


when the current reaches a predetermined value. In 
Figs. 5 and 6 are shown reproductions of actual records 
from the Crawford Station of the Commonwealth 
Edison Company. 

The single-element recorder has been developed 
both with a stationary recording film, for giving 
maximum values only, and with a moving film for 
giving records having a time base. The single-element 
form may give sufficient data for some system analyses 
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Fig. 8. A Diagram of the Optical System of the 
High-speed Recorder 


while the four-element form is required to obtain 
complete data on the more complicated intercon- 
nected networks. 

The essentials of the four-element recorder are 
shown in Fig. 2. Light from a high-intensity automo- 
bile lamp is focused by means of a condensing lens 
upon a highly polished steel reflector having a spheri- 
cal surface of 20 mils radius. The image of the fila- 
ment, in this spherical mirror is used as a point source 
of light...Four beams of light from this point are 


GENERAL ELECTRIC REVIEW 


Vol. 31, No. 6 


directed through focusing lenses to the four galva- 
nometer mirrors, mounted on the moving elements, 
from which they are reflected to a plane plate-glass 
mirror and then focused on the film at the end of the 
box. The plane mirror is mounted on a shaft which is 
rotated at constant speed by means of a spring motor, 
thus moving the beams along the film, giving the 
time base record. The points of light move across the 
film in accordance with the motion of the galva- 
nometer mirrors in response to variations of current 
in the element windings. 
Front and rear views of a recording dement are 
shown in Fig. 7. This element consists of a soft iron 
yoke supporting two adjustable poles which carry the 
winding. The moving element is a soft iron vane 
rigidly mounted on the end of a stiff duraluminum 


Fig. 9. Operating Relay Used in Connectjoh with 
Four-element Recorder 


rod and set, inclined at an angle of 45 deg., across the 
flux path between the poles. A stiff support riveted to 
the vane carries the galvanometer mirror and a pivot 
for the upper guide bearing. The length of light beam 
from galvanometer mirror to the film is 24 in., so that 
only a very small angular motion is necessary to ob- 
tain a considerable deflection of the spot on the film. 
For use on a-c. circuits, the recording elements are 
connected in the lines to be studied through trans- 
formers to obtain the proper ratings. Where d-c. cir- 
cuits are being studied the transformers are replaced 
by special external shunts. 

In the four-element recorder only one light source 
is necessary since light beams are reflected at all 
angles from the hemispherical reflector. 

The moving systems of these recorders are of very 
low inertia and high period of oscillation so that the 
changes occurring in the circuits may be recorded for 
each half cycle. In contradistinction to the ordinary 
indicating or recording element of standard instru- 
ments, having a fine hair-spring for furnishing the 
restraining torque, the elements of the high-speed 
recorder use the torsional force in the stiff duralu- 
minum rod to return the element to its zero position. 
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The use of a relatively stiff moving system results in 
a very reliable element which is portable and not 
liable to damage in shipment or handling. Light beams 
and photographic film are utilized in the recording 
system to eliminate the inertia inherent in other types 
of recorders. 

The optical system, shown diagrammatically in Fig. 
8, is entirely different in construction and much more 
efficient than anything used heretofore for such pur- 
poses. The light source is the high-intensity filament 
of a standard automobile-type bulb, the image 
of which, after being reduced in size by a condensing 
lens and a special hemispherical mirror is reflected 
from the mirror mounted on the moving element and 
finally accurately focused on the photographic film. 

In principle, the optical system of the single-element 
recorder is the same as that in the four-element 
device. Where time-base records are required the 
film (in the single-element type) is moved past the 
recording position at constant rate by a spring motor. 

Both single- and four-element recorders are started 
automatically by a high-speed relay which releases 
the motor and energizes the light source from an ex- 
ternal battery. The assembly of the high-speed relay 
and three auxiliary contactors for the four-element 
device is shown in Fig. 9.“ Accurate tests on a 
complete unit show that times of 0.028 to 0.033 sec. 
are required for the device to begin to record, the 
difference in times being due to the amount of over- 
load on the relay. 

The records from both single- and four-element 
devices are made on standard size film using standard 
film holders. In the case of the single-element sta- 
tionary film the size is 324 in. by 414 in., giving the 
possibility of recording four successive readings of 


(1) The high-speed relay has recently been modified somewhat from the 
construction shown in Fig. 9. 
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maximum values. Where the moving film is used a 
standard roll film 314 in. wide is used, which is moved 
past the recording position at a rate of one inch per 
second for a period of 10 sec. after each start, four 
successive records being possible. The four-element 
device uses standard 11 in. by 14 in. film in a standard 
holder which is fastened to the recorder in a manner 
similar to that in a standard camera. Daylight load- 
ing of the recorder is possible in all cases. 

The High-speed Recorder is now being used by 
several of the larger central station companies for 
studying transmission line problems.) Data ob- 
tained from these recorders are used in determining 
the proper settings of the protective relays for the 
system. 

In addition to the applications mentioned above 
the device is useful in studying many other types of 
circuits, recording in some cases, for instance, the rate 
of building up or decay of current in generator fields, 
the manner of opening fused circuits under various 
overloads, changes in current value in starting induc- 
tion motors, tungsten-lamp circuits and many special 
devices. Visual indications of circuit changes are also 
made possible by substituting a piece of ground glass 
for the recording film. The device is not intended to 
displace the oscillograph as used in wave shape anal- 
yses, but is to be considered as a high-speed graphic 
recorder having low inertia in its recording system. 

The adaptability of the high-speed recorder to any 
type of circuit makes it extremely valuable in connec- 
tion with investigative work where complex circuits 
are to be studied. Because of its simplicity, the use 
of the device does not require a specially-trained 
operator. 


(?)An account of the application of the High-speed Recorder to the line 
disturbance problems of the Commonwealth Edison Company was given 
by E. M. Tingi in the paper, ‘The Hall High-speed Recorder,” published 
in the Journal of the A.L.E.E., January 1928. p. 7. 


Oil-electric Locomotive Economical in Service 


Evidence of the economy of the oil-electric locomo- 
tive is found in a recent analysis made by the Reading 
Railroad of the operation of a 60-ton 300-hp. locomo- 
tive of this type over a period of 256 days. During this 
time the locomotive traveled 28,038 mi., representing 
4,673 hours of service. The total maintenance cost 
during this period was $2,036.78. In comparison, a 
steam engine, employed in the same service, cost 
$3,364.56 to maintain for an equal number of working 
hours during an equal period of time. It consumed 


$4,808.52 worth of fuel and lubricating oil. The 
corresponding costs were $1,703.23 for the oil-electric 
locomotive. 

The oil-electric locomotive was built jointly by the 
Ingersoll-Rand Company, the American Locomotive 
Company, and the General Electric Company. It is 
equipped with a 300-horsepower oil engine driving a 
standard generator and supplying power to four 
95-horsepower traction motors. Standard multiple- 
unit control is used. 
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Definition of An Ideal Synchronous Machine 
and Formula for the Armature Flux Linkages 


By R. H. PARK 
Engineering General Department, General Electric Company 


machine depends in a complicated way on the 

currents in every circuit of the machine and on 
the relative position of the armature phases and the 
rotor. However, in the majority of the practical appli- 
cations of synchronous-machine theory there would 
be only a small difference in final results between the 
operation of an actual machine and the operation 
of a similar machine possessing the same self and 
mutual armature leakage reactances but ideal to the 
extent that, as far as concern effects depending on 
the position of the rotor, each armature winding is 
sinusoidally distributed. 

It follows that a calculation of the performance 
of this imaginary or ideal synchronous machine will 
agree in the main with the results of tests on actual 
machines. Nevertheless, it is desirable to keep in mind 
the important differences between an actual machine 
and its imaginary or ideal counterpart. On this account 
any machines which are imagined to possess the char- 
acteristic referred to will be especially characterized 
here as “ideal synchronous machines.” 

If the saturation and hysteresis in every magnetic 
circuit and the eddy currents in the armature iron are 
neglected, the no-load per-unit™® space fundamental 
flux density at the armature surface will be 


B =I, cos +I, sin T 


ie general the flux in every circuit of a synchronous 


where 


T =angle along the armature surface measured 
in electrical degrees from the axis of the rotor. 

I= per-unit rotor excitation or rotor current in 
direct axis. ) 

I,=per-unit rotor current in quadrature axis 
magnetizing ahead of the poles. 


The per-unit m.m.f. due to armature phase currents 
ta, 1p, and t, will be 


A=- 5 lie cos y+ t, cos (y — 120) 
+i, cos (y + 120)] (1) 


(1) The term ‘‘per-unit’’ is employed as a convenient characterization of 
the method of designation in which quantities are expressed as a decimal 
fraction of a normal or unit value. The method is analogous to the 
method of percentage representation of quantities except that the factor 
one hundred is omitted. The advantage of the method is that the 
factor 100 does not have to be multiplied in or divided out whenever the 
operations of division or multiplication are performed. The unit or normal 
quantities involved in the present articie are as follows: 


Armature current...... V2 X rated value 

Armature voltage...... —/2 X rated value 

Armature flux......... value which will generate normal voltage 

Field current......... .vaiue which will produce unit armature 
flux at no load 

Reactance .........-.. ratio of normal phase voltage to normal 


current 


where y=angle along the armature surface 
measured in electrical degrees 


from the axis of phase a. 


Normal m.m.f.=the m.m.f. with normal balanced 
positive phase-sequence currents 


applied. 
Let 
6=position of the axis of the rotor 
in electrical degrees measured 
from the axis of phase a. 
Then 
y=rT +0 
Therefore 


A=— : [is cos (T+6)+2, cos (T+0— 120) 
+i, cos (T+6+120)] 
=— : cos I [1, cos 6+1, cos (0 — 120) 
+i, cos (0+ 120)] 
+ sin T (7, sin 0+4, sin (0— 120) 
+i, sin (0+120)] (2) 


The flux wave due to the impressed m.m.f., A, will 
contain fundamental and harmonic components. 
However, on the basis of the assumptions, we are 
concerned only with the fundamental components of 
flux since, in the 1 leal machine assumed, the armature 
linkages for all space harmonics are zero. This 
fundamental will in turn have components cos T and 
sin T, respectively, over the direct axis of the poles 
and over the cuadrature axis, and there will be a 
factor of proportionality between each component 
and the corresponding m.m.f. giving rise to it. Let 
these factors be py and p,, respectively, in the direct 
and quadrature axes. Then the wave of per-unit flux is 


B=I,cos T+, sin T 
-5 pa cos T [z, cos +2, cos (0 — 120) 
+i, cos (0+120)] 
+; p, sin T [is sin 0+5, sin (@—120) 


+i, sin (@+120)] (3) 
But 

_ Paty , Papa _ Pathe  Pa-~Pa 
Pam tg and P= 2 


DEFINITION OF AN IDEAL SYNCHRONOUS MACHINE 


whence 

B=I,cos T+J,sinT 
2 
3 
+i, cos (T+0+120)] 
-: bats li, cos (T —0) +i, cos (T —0+ 120) 

+i, cos (T —0—120)] 

= I4 cos (y—0)+I, sin (y—6) 


eres [s, cos ('+0)+2, cos (T +0— 120) 


ae pares [is cos (vy) +1, cos (y—120) 


3 

+i, cos (y+120)] 

-: a Íi, cos (y — 20) +i, cos (y — 20+ 120) 
+i, cos (y—20—120)] (4) 


Axis of Phase a 
Axis of Poles 


) 
\ 


\ Ñ 
umi S Q LP of Phase ¢ 


P is any point on armature surface 


Fig. 1. Diagram Showing the Angular Relationship of the Axis 
of Poles, and of Any Point (f) on the Armature Surface 
with Respect to the Axes of Phases a, b, and c 


The per-unit linkages in phase a due to the flux are 
equal to the value of $ at y=0, or 


Ya = Ia cos 0— I, sin 6 
_ Pa— Pa [i att] 
3 L 2 
a [is cos 20+i, cos (20 — 120) 
+1, cos (20+ 120)] 
The total per-unit linkages in phase a are then 
Ys = [I4 cos 0— I, sin 0 
— Yle tatXm (ia +i.) 
_ patPa [i _ atta] 
3 L° 2 
E Íi, cos 20+i, cos (20 — 120) 
+4, cos (28+ 120)] (5) 
where | 


žie = per-unit self leakage reactance of any phase. 


Xm = per-unit mutual leakage reactance of any two 
phases. 
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Under balanced conditions of operation with normal 
armature current flowing, there is 
Ta = COs ¢ 
Te == COS (t = 120) 
t. =cos (t+120) 
tati = —1, 
0 =t+0, 
where 0,= the value of 0 at t=0 
Then, for J,=J,=0 there is 
| Va = — (Xie t Xm) COS t 


-2+2 cost 


sH A cos (20 —t) 
et tg t PEEPS cos t 


si f cos (+20) (6) 


When 0, = 0 there is 
Vo = — (Xie Xm t pa) cos t= — xy cost (7) 
where x4 = direct synchronous reactance. 
When 0, =90 deg., there is 
Ya = — (Xie Xm t Pa) COS t= — x; cos t (8) 
where x, = quadrature synchronous reactance. 
With zero phase-sequence currents impressed there is 
la = h= 1, (9) 
Ya = — (Xle — 2 Xm) tg = — Xo be 


Thus, on the basis of the assumptions, the following 
relations exist 
Xle F Xm t Pa = Xa 
Xle T Xm t Pa = Xa 
Xie — 2X m = Xo 
and 
Pa — Pa = Xa — Xa 


2 (X16 + Xm) + Pa + Po = xat 


After making an algebraic transformation, Equa- 
tion (5) may be rewritten in the form 


¥,=I,cos 6—I, sin 0 
_ [2 ietan Pate] [i-t] 
3 3 2 
_ a [is cos 20+i, cos (20—120) 


+i, cos (20+ 120)] 
a [xi te — Im (i, +72,)] 


49 Xlo Xm [: -att] 
3 "o p 


(10) 
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The last two terms may be reduced to the form 


Heats een 


Therefore 


¥.=I,4 cos 0— I, sin 6 
ofe pe pe) tatt [: att] 
3 [iHi ti] 3 ta 9 : 
Xa — Xa 


Íi, cos 20+4, cos (20—120) 


+i, cos (20+ 120)] 
Similarly 
¥, = I4 cos (80—120) — I, sin (80—120) 
latio ti. Xat Xq E ey 
— Xo ——— ar ee ly 
3 3 2 


(11) 


— Z4 ta Íi, cos (20—120) 


+i, cos (20+120) +i. cos 26] 
Y, = Ta cos (6+ 120) 


(12) 


— I, sin (0+120)— x, etedi 
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tatt [i te 
3 4 


ira [i, cos (20+120) +i, cos 20 


+i, cos (20—120)] (13) 


where 


Vas Wo, Ye = per-unit phase linkages 

1g, tp, te = per-unit phase currents 
I,=per-unit excitation in direct axis 
[,=per-unit excitation in quadrature axis 
xa = direct synchronous reactance 
x = quadrature synchronous reactance 
x,= zero phase sequence reactance. 


This expression for the per-unit linkages of an ideal 
synchronous machine was given without proof in a 
paper, ‘“The Reactance of Synchronous Machines,” 
which was presented before the A.I.E.E. at the Mid- 
winter Convention, New York City, Feb., 1928, by 
the writer and Mr. B. L. Robertson. ‘?) The expression 
has been found useful in the analysis of synchronous 
machines. 


(2)Attention is called to a related paper, ‘Synchronous Machines: IV,” 
delivered at the same convention by R. E. Doherty and C. A. Nickle. 


First Central Station to Operate Entirely at 1200-lb. Pressure 


For the first time in history a central station will be 
built with high-pressure boilers to supply the entire 
steam demand. This station will be built at Deep- 
water (N. J.), by the American Gas and Electric 
Company and the American Electric Power Corpor- 
ation, Stevens and Wood, Inc., engineers. It will have 
an initial generating capacity of 118,500 kw. 

There will be two main cross-compound turbine 
sets, each rated at 53,000 kw. Each set will consist of a 
12,500-kw. high-pressure unit operating at 3600 
r.p.m., and a 41,700-kw. low-pressure unit operating 
at 1800 r.p.m. The initial steam conditions will be 
1200 lb. gauge pressure, and 725 deg. F. total tem- 
perature. The high-pressure units will exhaust against 
a back pressure which varies in proportion to the 
steam flow, the steam being returned to the boilers 
for reheating to 725 deg. The low-pressure units will 
exhaust against a back pressure of one inch absolute. 

A third 12,500-kw. high-pressure single-cylinder 
turbine will be installed, which is a duplicate of the 
high-pressure elements of the cross-compound tur- 
bines. The exhaust of this unit at about 340 lb. 
pressure flows into a high-pressure evaporator where 
it will condense and generate process steam for use 
in a nearby Du Pont factory. The temperature of 
this process steam is controlled by passing it through 


a steam reheater supplied with steam extracted from 
the high-pressure turbine. By the use of these de- 
vices there 1s occasioned no loss or contamination of 
high-pressure condensate and the difficulty of having 
excessive makeup is avoided. 

The generators of the main high-pressure units will 
be rated 12,500 kw., 80 per cent power-factor, 15,625 
kv-a., 11,000 volts, while the machines driven by the 
low-pressure turbines will be rated 41,700 kw., 85 
per cent power-factor, 49,058 kv-a., 11,000 volts. 
All generators will have direct-connected exciters. 

The station has been designed for high efficiency at 
all loads. The variation in turbine efficiency between 
rated load and half load will be less than 11% per cent, 
with the point of maximum efficiency at about 70 per 
cent of rated load. 

Up to the present time, high-pressure boilers have 
been run in conjunction with boilers designed for 300 
or 400 lb. pressure, the high-pressure installation 
furnishing only a part of the total steam required. 
However, after a thorough study of the dollar economy 
of various steam pressures andcycles of operation, 1200 
lb. initial pressure was decided upon for the Deepwater 
station, as combining in the highest degree the neces- 
sary reliability with high fuel economy and flexibility 
of the units. 
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The Charles A. Coffin Foundation Fellowships, 1928-29 


HE Charles A. Coffin fellowships have been | 


awarded this year to eight young men pre- 

paring to engage, or already engaged, in re- 
search dealing with various problems in connection 
with electricity,, physics, and physical chemistry. 
These fellowships are provided through the Charles 
A. Coffin Foundation which was established in honor 
of the first president and chairman of the Board of 
Directors of the General Electric Company as a means 
of encouraging and fostering fundamental research 
among students of engineering and kindred sciences. 
It is the purpose of the committee awarding the 
fellowships to so direct the expenditure of the fund 
provided by the Foundation that deserving students 
may be enabled to carry on research work in in- 
stances where, without such aid, they would be 
severely handicapped. 

The committee making the awards for the year 
1928-29 was composed of Gano Dunn, ex-president 
of the National Academy of Sciences; Bancroft 
Gherardi, President of the American Institute of 
Electrical Engineers; and Robert L. Sackett, Dean 
of Pennsylvania State College and President of the 
Societv for the Promotion of Engineering Education. 
In coöperation with the representatives of these institu- 
tions, Dr. W. R. Whitney, Director of the Research 
Laboratory at Schenectady, represented the General 
Electric Company. 

The awards were made as follows to: 

Robert F. Bacher, a graduate of the University 
of Michigafi in 1926. Later studies were pursued 
at Harvard during 1927; and at present Mr. Bacher 
is a candidate for the degree of Doctor of Philosophy 
at Michigan. His work in connection with the fellow- 
ship will be taken up there, the subject of his research 
presenting the respective aspects (1) the explanation 
of the hyperfine structure in bismuth and the reason 
for the spacing and intensity variation observed in 
the Zeeman Effect; (2) the distribution of atoms in 
their low-energy states at normal temperature. 

Arthur F. Daniel, a graduate of the University 
of North Carolina in 1927. Mr. Daniel is now a gradu- 
ate student there and will be an applicant for the 
degree of Master of Science in 1928. He is engaged as 
a teaching fellow in physics and is doing independent 
research this vear. The researches following the 
award of his fellowship will be carried on at the 
University of Chicago. For the subject of his investi- 
gations he has chosen the study of x-ray or electronic 
phenomena as applied to the structure of matter. 

Neils F. Edlefsen, a graduate of Utah Agricultural 
College in 1916. Prof. Edlefsen later received the 
degree of M. A. in Physics from the University of 
California, in 1923, and is at present Assistant 
Professor of Physics at Utah Agricultural College. 
He has been previously engaged in research work and 


held a fellowship while at the university. His further 
research in the field of colloid and capillary chemistry 
will be a study of the variation of surface energy with 
curvature. 

Truman S. Gray, a graduate of the University of 
Texas in 1927. Mr. Gray is a graduate student at the 
Massachusetts Institute of Technology, where he will 
be a candidate for the degree of M. S. in Electrical 
Engineering this year. The research work following 
the award of the fellowship will be an experimental 
and mathematical investigation of the nature of 
transformer breakdown by means of the cathode-ray 
oscillograph and the recording integraph. This work 
will be carried on at M.I.T. 

Jamison R. Harrison, a graduate of Tufts College 
in 1925. In 1927 Mr. Harrison received the degree 
of Master of Arts from Wesleyan University where 
he is now engaged in graduate work under a Charles 
A. Coffin Foundation Fellowship awarded last year. 
With the renewal of the fellowship he will undertake 
as a research problem the study of a mode of propaga- 
tion and determination of the velocity of waves 
traveling in quartz plates when used in a piezo- 
electric oscillator. Mr. Harrison has shown exceptional 
ability in research work. 

Neil B. Reynolds, a graduate of Union College in 
1924. Mr. Reynolds received in 1926 the degree of 
Master of Science from Union and is at present 
engaged in graduate work leading to a Ph.D. degree 
at Princeton. He has received high recommendation 
from men with whom he has worked both at Union 
and Princeton; and his work will be continued under 
the fellowship at the latter university. The research 
problem with which he will be concerned is the relation 
between anode voltage and saturation thermonic 
emission from pure and composite metallic surfaces. 
This 1s a problem which several of the world’s most 
prominent investigators have failed to solve. 

Donald M. Tilden, a candidate for the degree of 
Bachelor of Science at Lombard College in 1928. Mr. 
Tilden has made chemistry his major study, and has 
been a student assistant in the organic and quantita- 
tive laboratories. His work in connection with the 
fellowship will be pursued at Iowa State University, 
his research problem being the free energy of dilu- 
tion, or adsorption. Mr. Tilden has won honors in 
general student activities and is a member of Phi 
Kappa Phi and of Theta Chi Delta. 

Lal C. Verman, a 1927 graduate of the University 
of Michigan. Mr. Verman has been working in re- 
search as a graduate student at Cornell in connection 
with the Charles A. Coffin Foundation Fellowship 
awarded him last year. The renewal of the fellowship 
permits the further carrying on of his investigations 
regarding the polarization of short radio waves as 
affected by weather conditions. 
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Condensed references to some of the more important recent 
articles in the technical press, and to new books of interest to 
the industry, as selected by the General Electric Main Library. 


IG 


Arc Welding 


Arc Welded Pipe Lines. W. L. Warner. 
Am. Weld. Soc. Jour., Feb., 1928; v. 7, pp. 40-48. 


Arc Welding as a Manufacturing Tool. J. F. Lincoln. 
Am. Weld. Soc. Jour., Feb., 1928; v. 7, pp. 21-26. 


Welding Trusses for Industrial Buildings. Andrew Vogel. 
Weld. Engr., Feb., 1928; v. 13, pp. 33-36. 
(From a paper read before the Affiliated Technical 
Societies, Boston.) 


Brushes, Electric 


Carbon Brushes; The Problem of Replacements and the 
Necessity for Standardization. J. B. Lunsford. 
Am. Soc. Nav. Engrs. Jour., Feb., 1928; v. 40, pp. 65-89. 
(Pertains particularly to ‘brushes as used on electrical 
machinery in the naval service.) 


Car Lighting 
Tests Made of Car Lighting. W. R. Cost. 
Aera, Mar., 1928; v. 19, pp. 137-141. 
(The results of tests made by a committee of the 
A. = on an experimental street car installa- 
tion. 


Carrier-Current Communication 
ae aTa elephony. Roy B. Ashbrook and Ralph 


. Henry. 
Elec. Wid., Mar. 10, 1928; v. 91, pp. 495-497. 
(Illustrated description of a Southern California 
Edison Co., installation.) 


Daylight 
Daylighting in Multi-Story Industrial Buildings. Andrew 


Vogel and others. 
Illum. Engng. Soc. Trans., Feb., 1928; v. 23, pp. 129-173. 


Efficiency 
Efficiency. John H. Barker. 
I. M. E. Proc., No. 4, 1927; pp. 1063-1072. 
(A study of efficiencies in general, not only machine 
efficiency, but that of various natural agencies 
such as the sun, the tides, the winds, etc.) 


Electric Distribution 
Cable Laying Improvements. E. S. Byng. 
Wid. Power, Mar., 1928; v. 9, pp. 153-157. 
(The first of a series of four articles.) 
a once Distribution Planning. W. R. Bullard. 
ec. Wid., Mar. 10, 1928; v. 91, pp. 499-503. 
(Methods of calculating the economic characteristics, 
ile aaa transformer spacing and conductor 
sizes. 


Electric Distribution, Underground 


Thirteen Kv. Underground Construction. E. R. Pelster. 
Elec. Lt. & Pr., Feb., 1928; v. 6, pp. 28-30, 32-34, 90-91. 


Electric Drive—Excavating 
ms Equipment for Power Shovels. David Stoetzel. 
“mE & Min. Jour., Mar. 10, 1928; v. 125, pp. 410-415. 
resents an illustrated account of motor-generator 
equipment, motors, control apparatus, etc.) 


Electric Lighting—Aviation 
Airport Lighting. H. E. Mahan. 
Soc. Auto. Engrs. Jour., Mar., 1928; v. 22, pp. 345-350. 
(‘The essential items and general practice in the 
lighting of airports for night operation. ”) 


Electric Motors, A. C. 
Replacing the Misfit A. C. Motors. ° R. H. Rogers. 
nd. Engng., Mar., 1928; v. 86, pp. 117-120. 
(Discusses the choice of a-c. motors for industrial 
drives.) 


Electric Motors—Starting Devices 


Automatic Starting Gear for Squirrel Cage Motors. 
ASEA-Jour., Feb., 1928; v. 5, pp. 34-39. 


Starting Alternating Current Motors. C. W. Falls. 
Blast Fur. & St. Pl., Mar., 1928; v. 16, pp. 385-389. 
(Considers various methods of starting squirrel cage 
and synchronous motors.) 


Electric Welding 


Static and Impact Tests of Electrically Welded Joints. 
Raymond J. Roark. 
Am. Weld. Soc. Jour., Feb., 1928; v. 7, pp. 57-64. 
(An account of tests to determine the strength and 
uniformity of fillet-welded joints.) 


Welding and Manufacturing of Large Electrical Apparatus. 
A. P. Wood. 
A. I. E. E. Jour., Mar., 1928; v. 47, pp. 192-195. 
(Describes the use of electric welding in the fabrica- 
tion of large electrical apparatus.) 


Electrical Machinery, Synchronous 


B Machines—IV. R. E. Doherty and C. A. 
ickle. 
A. I. E. E. Jour., Mar., 1928; v. 47, pp. 200-204. 
(Abridgment.) 


Headlights, Electric 


Automobile Headlight Problem. L. B. W. Jolley. 
Ilum. Engr., Mar., 1928; v. 21, Pp. 79-84. 
(A paper resented before the International Commis- 
sion on Illumination, Bellagio, 1927.) 


Progress Report on Headlight Investigation. H. H. Allen. 

Soc. Auto. Engrs. Jour., Mar., 1928; v. 22, pp. 305- 
313, 384-385. ° 

(Report of an investigation of automobile headlighting 

being pursued at the U. S. Bureau of Standards 

under the sponsorship of the Research Committee 

of the S. A. E. and the National Automobile 

Chamber of Commerce.) 


Insulators—Testing 


Effect of Humidity on the Dry Flashover Potential of Pin- 
Type Insulators. J. T. Littleton, Jr. and W. W. 
Shaver. 

A. I. E. E. Jour., Mar., 1928; v. 47, pp. 189-192. 
(Presents results of tests on porcelain and on Pyrex 
insulators. Eight bibliographic references, p. 192.) 


Load Factor 


Electric Heating and Load Factor Improvement. M. O.F. 
England. 
Wid. Power, Mar., 1928; v. 9, pp. 148-152. 
(Points out the possibilities of improving the load 
factor by the encouragement of domestic and other 
electric water heating load.) 


Locomotives, Oil-Electric 


New York Central Adopts Diesel-Electric Battery Loco- 
motive. 
Oil Engine Power, Mar., 1928; v. 6, pp. 165-167. 
(Illustrated description of a combination oil-electric 
and battery type switching locomotive having G-E 
electric drive. Also described in Rwy. Age, Mar. 3, 
1928, pp. 525-527.) 


Lubrication and Lubricants 


Viscosity of Lubricants Under Pressure. Mayo D. Hersey 


and Henry Shore. 
Mech. Engng., Mar., 1928; v. 50, pp. 221-232. 
(“An experimental determination of the combined 
effects of high pressures and temperatures. ’’) 


LIBRARY SECTION 


Machinery—Foundations 


Large-Unit Foundations. P. D. Freudenberger. 
Elec. Wid., Mar. 3, 1928; v. 91, pp. 449-450. 
(An illustrated description of the foundation structure 
for a 60-kw. turbine generator at the Charles R. 
Huntley station of the Buffalo General Electric Co.) 


Measuring Instruments 


Harmonic Analyzer for Power Circuits. W. V. Lovell. 
Elec. News, Mar. 1, 1928; v. 37, pp. 41-43. 


Permeameters 


Saturation Permeameter. S. L. Gokhale. 
A. I. E. E. Jour., Mar., 1928; v. 47, pp. 196-200. 
(Describes the construction, theory, and performance 
of a permeameter for testing the saturation values 
of magnetic materials.) 


Power Plants, Electric 


Three Years of Municipal Diesel Plant Operation. 
A. Poehlmann. 
Oil Engine Power, Mar., 1928; v. 6, pp. 187-191. 
(‘‘ Detailed operating and cost report of Grove City 
oil-electric central station.’’) 


Pumps, Centrifugal 


Characteristic Laws for a Centrifugal Pump with Fluids 
Other than Water. Hubert Mawson. 
I. M. E. Proc., No. 4, 1927; pp. 1037-1045. 


Radio Engineering—Amplification 


Frank 


High-Note Loss in Resistance Amplifiers. A. L. M. 
Sowerby. 
Wireless Wid., Feb. 29, 1928; v. 22, pp. 213-216. 
(Serial.) 


Radio Engineering—Circuits, Coupled 
Direct Coupled Detector and Amplifiers with Automatic 
Grid Bias. Edward H. Loftin and S. Young White. 
Inst. Radio Engrs. Proc., Mar., 1928; v. 16, pp. 281-286. 
(“A composite detecting and amplifying system.’’) 


Radio Engineering—Crystals 
Investigation into the Rectifying Properties of Crystals. 
A. W. J. Cousins and E. L. Damant. 
S. Af. I. E. E. Trans., Dec., 1927; v. 18, PP. 196-203. 


Radio Engineering—lInsulators 


Notes on the Design of Radio Insulators. T. Walmsley. 
Inst. Radio Engrs. Proc., Mar., 1928; v. 16, pp. 361-372. 


Radio Engineering—Reception—Interference 
Is Fading Caused by the Motion of the Earth’s “Radio 
Roof?” Raymond A. Heising. 
Pop. Radio, Feb., 1928; v. 13, pp. 111-113, 172. 
Author is connected with the Research Dept., 
Telephone Laboratories.) 
Suppressing Radio Interference. A. T. Lawton. 
Radio Broadcast, Mar., 1928; v. 12, pp. 379-382. 
(On methods of locating local interference.) 


Bell 


Radio Engineering—Transmission 
Correlation of Long Wave Transatlantic Radio Trans- 
mission with Other Factors Affected by Solar 
Activity. Clifford N. Anderson. 
Inst. Radio Engrs. Proc., Mar., 1928; v. 16, pp. 297-347. 
(Includes a bibliography of 15 entries, pp. 346-347.) 
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Railroads— Electrification 


Electricity in Rail Transportation. H. L. Andrews. 
Engrs. & Engng., Feb., 1928; v. 45, pp. 27-36. 

(From a paper read before the A. S. C. E. A general 
summary of the situation of railroad electrification 
in the U. S., particularly the economic phases. 
Compares steam and electric operation.) 


Refrigeration 
Sulphur Dioxide. Charles W. Johnston. 
Refrig. Engng., Mar., 1928; v. 15, pp. 61-66, 71. 


(Describes the manufacture, analysis, testing, physi- 
ological effects, etc., of liquid sulphur dioxide, 
particularly in connection with its use as a refrig- 
erant.) 


Spark Discharges 


pulse Impulse Breakdown of Air. J. J. Torok. 
I. E. 


. Jour., Mar., 1928; v. 47, pp. 177-181. 
(Abridgment. Includes bibliography of 13 entries, 
p. 181. 


Theory of the Electrical Breakdown of Gases at Atmos- 
pheric Pressures. Leonard B. Loeb. 
Franklin Inst. Jour., Mar., 1928; v. 205, pp. 305-321. 
(On the theory of ‘spark discharges i in gases. Reviews 
the work of previous investigators and includes a 
list of 39 bibliographic references.) 


Spot Welding 
ga dat of Projection and Multiple Welds. 
er. 
Am. Weld. Soc. Jour., Feb., 1928; v. 7, pp. 38-40. 
(Pertains to spot welding methods.) 


Spot Welding of Aluminum and Its Alloys. W. M. Dunlap. 
Am. Weld. Soc. Jour., Feb., 1928; v. 7, pp. 27-38. 


Steam Turbines 
Developments in European Steam Turbine Design. C. H. 
S. Tupholme. 
Power, Mar. 6, 1928; v. 67, pp. 419-421. 


W. T. 


Synchronizing 


Condenser-Type Bushing Used with Synchronizing Equip- 
ment. E. E. Spracklen and others. 
A.I. E. E. Jour., Mar., 1928 v. 47, pp. 205-208. 
(Abridgment. y 


Lelephony 


Apparatus Standards of Telephonic Transmission, and 
the Technique of Testing Microphones and Re- 
ceivers. B.S. Cohen. 

I. E. E. Jour., Feb., 1928; v. 66, pp. 165-203. 


(Includes a bibliography of 29 entries, pp. 188-189.) 


Vacuum Tubes 


Use of Very High-Voltage in Vacuum Tubes. W. D. 
Coolidge. 
I. E. E. Jour., Mar., 1928; v. 47, pp. 212-213. 
X-Rays 
High Speed, High Voltage X-Ray Diffraction Analysis 
of Metals. Ancel St. John. 
Am. Soc. St. Treat. Trans., Mar., 1928; v. 13, pp. 485-492, 
X-Ray Examination of Structural Materials. Wheeler 


. Davey. 
Mech. Engng., Mar., 1928; v. 50, pp. 213-216. 
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SUPPLYING THE FORCE TO SEPARATE WATER AND AIR INTO THEIR COMPONENT GASES 


Ir. 


tion of ai 


iona 


Motor-generator and control room of a plant for producing oxygen and hydrogen by the electrolysis of water, and oxygen and nitrogen by the liquification and fract 


(See p. 385) 


1, power and heating purposes. 


1ca 


In manufacturing these gases, abundant use is made of electricity for chem 
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ELECTRICITY AND THE COMPRESSED GASES 


Power, heat, and light have long been recognized as 
essential utilities of industry. Their generation, dis- 
tribution, and application are based on well-defined 
procedures for which apparatus has been developed 
to a high state of efficiency. In this branch of engineer- 
ing a tremendous advance has been made. 

At the present time there is an indication that 
a derived agent may soon enter the ranks of the 
three that have been mentioned. This newer utility 
might be listed as ‘The Compressed Gases.” Through 
modern methods of manufacture and distribution, 
followed by efficient utilization, these gases offer possi- 
bilities of noteworthy consideration in industrial oper- 
ations. It remains for industry to realize these poten- 
tialities and to place this branch of engineering on 
a basis more nearly comparable to that of the power, 
heat, and light group. 

The compressed gases, so called to distinguish 
them from illuminating or city gas, include oxygen, 
hydrogen, and nitrogen as the major units. The ex- 
tent of the use already made of the compressed 
gases is indicated by the fact that their produc- 
tion during 1925 had an aggregate value of $56,- 
404,723; this being an increase of about 50 per cent 
during the preceding five-year period. 

The increase in consumption that is taking place 
is by no means due entirely to expansions in the 
chemical industries; a considerable share is resulting 
from other industrials learning of the utility of these 
gases in their manufacturing operations. For example, 
mention may be made of the extending industrial 
applications of but two of these gases—oxygen and 
hydrogen. Foundries, structural iron works, and 
machine manufacturers are adopting gas cutting as 
a substitute for machine tool cutting, followed by 
electric welding for fabricating the unit assemblies. 
The demonstrated merits of a hydrogen (or a 
hydrogen-nitrogen) atmosphere in the operations of 
brazing and annealing are resulting in additional in- 
stallations of electric furnaces of this type. Investi- 
gations are under way to determine the economic 
possibilities of securing the advantages which oxygen 
would afford in iron smelting, the Bessemer process, 
and the production of ferro alloys. 

On a necessarily smaller scale of manufacture, 
it has been found that in nickel plating a prelimi- 
nary treatment of the articles in a hydrogen atmos- 
phere improves the quality of the plating. This same 
gas also facilitates the operation of lead burning. 

Gas technique is quite generally understood by 
the chemical manufacturers. In the various me- 
chanical, structural, and metallurgical industries, 


however, the knowledge of this subject is usually so . 
incomplete as to make available only a small frac- 
tion of the possible benefits that could be derived 
from a full economic utilization of the gases being 
considered. The serial in which Mr. Wilson is out- 
lining the various features of ‘‘The Application of 
Oxygen and Hydrogen to Industrial Operations” 
should therefore be of great interest to industrial 
executives and engineers who are on the lookout for 
new means to improve production. 

However, this serial possesses an even greater 
breadth of overall interest for in addition to the 
consumers of gas it is of direct concern to those who 
have a part in its manufacture. For instance, the 
compressed-gas producers will share in the returns 
that result from additional applications of their 
products in the mechanical industries. 

And, rather unexpectedly to many people, the 
subject being treated in the serial has a substantial 
influence on the interests of both the electrical manu- 
facturing and central-station industries, because 
nearly half of the investment in many compressed 
gas producing plants lies in electrical equipment. 
Regardless of whether the consumer purchases or 
manufactures the gases that he uses, electricity plays 
a leading part in their production. For instance, 
an electrolytic process is depended upon largely for 
the supply of hydrogen, which is accompanied by an 
output of half as much oxygen. In addition to the 
cells, this process requires a background of electrical 
conversion and control equipment of considerable 
size. The manufacture of nitrogen from the air, with 
oxygen again as the companion product, is a strictly 
physical process but one in which electrical energy 
serves best to supply the power and heating require- 
ments. Then, there are in either process the numer- 
ous auxiliary drives for which the electric motor, 
with its adaptable control, is without a competitor. 

As a last or first consideration, depending upon 
whether one’s interest lies mainly in the production 
or utilization of the compressed gases, the plant for 
their manufacture offers to the central station a load 
that is attractive in amount and practically ideal 
in character. The gas storage capacity of the plant 
serves as a flywheel that enables varying demands 
for gas output to be supplied by a steady power 
input which, combined with continuous day-and- 
night operation throughout the week, results in high 
load-factor. The remaining desirable feature—high 
power-factor—is available through the use of syn- 
chronous motors on the main drives, for which they 
are especially suitable. 
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Rates of Voltage Build-up Obtainable with 
Standard Exciters 


By H. W. WASHBURN 
Engineering General Department, General Electric Company 


HE subject of rapid excitation has of late re- 
ceived a great deal of attention from those 
interested in electric power transmission. In- 

vestigations have indicated that the rates of voltage 
build-up of the exciters are important factors in de- 
termining the stability of a transmission system at the 
time of a short circuit. It was formerly the practice 
to limit the short-circuit current to as low a value as 
possible by using line reactors and allowing the ter- 
minal voltage of the alternators to drop to a very low 
value. In this way, the system was protected against 
excessive currents, but the drop in voltage was liable 
to cause the synchronous machinery in the system to 
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Fig. 1. Diagram of Connections for Self-excitation of 
Machines in Determination of Voltage Build-up 
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Fig. 2. Connections for Separate Excitation 


fall out of step. This instability factor assumed more 
importance as the systems became larger and as the 
demand for continuity of service increased. Conse- 
quently practice has, in some cases, resorted to ob- 
taining more synchronizing power during short cir- 
cuits at the sacrifice of protection against excessive 
currents. That is, transient stability has been ob- 
tained by employing exciters with a relatively high 
ceiling voltage, and a rapid rate of voltage build-up. 
The possibilities and limitations of this method of 
maintaining stability have already been pointed out 
in a recent article“) on this subject. In the present 
treatment, data are furnished on the rates of voltage 
build-up that are obtainable on exciters of standard 
design. It is hoped that the facts thereby established 
will be of assistance to those who are interested in 
excitation speeds. 


(1)*Super-excitation,’”’ by D. M. Jones, GENERAL ELECIRIC REVIEW, 
December 1927, p. 580. 


Calculations 

The rate of voltage build-up was determined for 
twenty-seven standard exciters including horizontal, 
vertical, and turbine types. The ratings (see Table I) 
were chosen so as to cover as well as possible the range 
of capacities and speeds in general use. The rate of 
voltage build-up of these machines was first calcu- 
lated for the machines self-excited with all shunt- 
field coils connected in a single series circuit (as they 


TABLE I 
TYPES AND RATINGS OF MACHINES CHOSEN 
FOR CALCULATIONS 


Type No. of Poles Kw. R.p.m. Volts 
Horizontal 4 516 750 250 
4 7} 750 240 
4 12% 900 250 
6 30 450 125 
6 60 900 125 
6 60 720 250 
6 75 900 115 
6 80 600 125 
6 96 600 250 
6 145 500 250 
Vertical 6 27 90 125 
6 38 100 125 
6 41 120 125 
6 48 400 250 
6 8t 514 220 
6 140 300 250 
6 180 375 250 
8 186 300 250 
12 228 75 125 
10 250 120 250 
10 300 157 250 
Turbine 6 50° 1500 250 
6 100 1500 250 
6 125 1800 250 
6 150 1500 250 
6 


would normally be operated). A diagram of this con- 
nection is given in Fig. 1. A second set of calculations 
was made for the same machines, self-excited but with 
the shunt-field coils connected in two parallel circuits 
as shown by the dotted circuit in Fig. 1. A third set 
of calculations was made for these machines connected 
as in Fig. 2, with their shunt-field coils in two parallel 
circuits, and separately excited from a sub-exciter 
having a constant voltage equal to the rated voltage 
of the main exciter. 

In the self-excited machine the terminal-voltage 
(E) of the machine is applied to the circuit having the 
shunt field and the resistance (R) connected in series 
(Fig. 1). The resistance (R) is alternately shorted out 
and inserted in the circuit by the regulator contacts. 


RATES OF VOLTAGE BUILD-UP OBTAINABLE WITH STAN DARD EXCITERS 


The ratio of the time open to the time closed of these 
contacts determines the average terminal voltage of 
the exciter. When the resistance (R) is short-circuited, 
the voltage available for overcoming the electromotive 
force induced in the field by the change of the field 
flux linkages is equal to the terminal voltage (E) 
minus the zr drop in the field coils and leads (see 
Fig. 2). This is expressed by the equations: 

10-8 Eir (1) 
dt 


where 


Q = flux linkages. 
r=resistance of field. 
1 = field current. 


Sub-Exciter Voltage 


Armature Terminal Voitage (E) 


Field Current(i) 


Fig. 3. Saturation Curve of Exciter Indicating the Relative 
Voltage Drops Caused by the Resistance and 
Inductance of the Field 


The flux linkages (Q) are equal to the sum of the air- 
gap and the leakage-flux linkages, 1.¢., 


Q= = Nko 
n 
or 
ao Nee (2) 
dt n t 
where 


k =ratio of the total flux linkages to the air-gap 
flux linkages. 


$ =air gap flux per pole in maxwells. 

n =number of poles. 

n’=number of parallel paths in field circuit. 
N =turns per pole. 


At a given speed of the exciter, the armature-induced 
voltage (£’) is proportional to the air-gap flux (¢). 


E'=Ko 
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r 
or aA a RE (3) 
dt K dt 
where | 
K =a proportionality factor. 
Substituting Equation (3) in Equation (2), 
dQ xnNk dE’ 
== (4) 
dt n'K dt 
Substituting Equation (4) in Equation (1). 
, 
0-8 NE = =E—ir 
n'K d 
or 
dE’ n'K(E—ir) 
— = — X 10 ð 
dt nNk (5) 
where 


E’ =armature-induced voltage. 

E =armature-terminal voltage. 

4 =total field current. 

r =total field resistance. 

n =number of poles. 

n'=number of parallel paths in field circuit. 

N =turns per pole. 

K =ratio of armature-induced voltage E’ to the 
air gap flux ¢. 

k =ratio of total flux linkages to air gap flux | 
linkages. 


Equation (5) gives the rate of voltage rise of an 
exciter at the instant the terminal voltage passes 
through the value (E). If this rate be calculated for 
successive values of terminal voltage, the complete 
history of the voltage rise from any point to the ceil- 
ing voltage is determined. 

Calculations were made for values of (£) for 50, 
75, 100, and 125 per cent of rated voltage. In order 
to obtain the slowest probable voltage rise that would 
occur under operating conditions, shunt machines 
were assumed to be operating at full load and com- 
pound machines at no load. The values of field current 
(t) were obtained from the no-load saturation curve; 
the values of the field resistance (r) (at 75 deg. C.), 
the number of poles (n), the turns per pole (N), and 
the proportionality factors (K) and (k) were taken 
from the design data. In making calculations for the 
conditions of separate excitation, it was merely 
necessary to replace the value of the armature ter- 
minal voltage (E) by rated voltage, all other values 
remaining the same (see Fig. 3). 

The results of tests made on several exciters gave 
measured rates of voltage build-up of from 5 to 10 
per cent less than the calculated rates. In all proba- 
bility this discrepancy is mainly due to neglecting the 
demagnetizing effect of the eddy currents in the field 
yoke. These facts should be considered when study- 
ing the curves in Figs. 4 to 13. 
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Effect of Paralleling Fields where 
The effect of paralleling the fields may be shown r =resistance of field at terminals. 
by expressing Equation (5) in another form. The r.=resistance of one field coil. 
inductance (L) of the field circuit in terms of the con- | l 
stants already defined is: The time constant of the field circuit obtained 
z 29x107 nNkE'X 1078 ‘i from Equations (6) and (7) is: 
= a oe ae ? j 
1 K n'i L_ a XS x10- (8) 
r o i 
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Fig. 5. Excitation 75 per cent rated exciter voltage 
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Fig. 9. Excitation full rated exciter voltage 
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Figs. 7-9. Curves Showing Rate of Voltage Build-up for 


Self-excited Machines with Field Coils Connected 
2 5 T oi Se aes 
~ Physical Size (Kw/REM)~ $n a in Two Parallel Circuits 
Fig. 6. Excitation full rated exciter voltage l l . . . 

l , The voltage (V) available per coil for overcoming 
Figs. 4-6. Curves Showing Rate of Voltage Build-up for Self- ; ; Í 
excited Machines with Field Coils Connected in Series the electromotive force induced in the field by the 

change of field flux linkages is: 


where 
L=inductance of the field circuit in henrys. V= (E—tr) n’ (9) 
t =total field current. n 
=+ = field-coil current. From Equations (5), (8), and (9) the following ex- 
n' pression is obtained for the rate of voltage build-up: 
The field resistance may be expressed in terms of 
the field-coil resistance dE" _E' x Voa (10) 
nr. dt te y (=) 
ES on (7) “\r 


— — = 


RATES OF VOLTAGE BUILD-UP OBTAINABLE WITH STANDARD EXCITERS 


It is interesting to note from these latter equations 
the underlying cause for the increase in the rate of 
voltage build-up as a result of paralleling the fields. 
In the right-hand member of Equation (8) all terms 


, 

are constant for a given machine except the term al 
| 

and this term 1s independent of the field-coil connec- 
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Fig. 10. Excitation 50 per cent rated exciter voltage 
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Fig. 12. Excitation full rated exciter voltage 


Figs. 10-12. Curves Showing Rate of Voltage Build-up for 
Separately-excited Machines with Field Coils Con- 
nected in Two Parallel Circuits 


tions. The time constant (2) of the field circuit is 


therefore independent of the number of parallel 
paths in the field circuit. Again, the only term in 
the right-hand member of Equation (10) which is 
altered by paralleling the fields is the voltage (V). It 
is concluded that the increase in the rate of voltage 
build-up resulting from paralleling the fields is due 
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only to the increase in the voltage (V), which is the 
voltage available for overcoming the electromotive 
force induced by the change of the field-flux linkages. 


Characteristics of Exciter Build-up 

The calculated rates of voltage build-up were 
plotted against the factor kw./r.p.m., which is very 
nearly proportional to the volume or physical size 
of the machine armature. The curves thus obtained 
are shown in Figs. 4 to 12. In these curves each 
plotted point represents a machine. It will be noted 
that, in the case of normal self-excitation, the points 
did not group themselves as well as in the case of sep- 
arate excitation. This leads to the conclusion that the 
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Fig. 13. Composite Curves Showing Rates of Voltage 
Build-up on Standard Exciters 


difference would lie in the variation of the field re- 
sistance. The machines were therefore classified 
according to their field z7 drop for full-load and rated 
voltage. Those machines having tr drops between 55 
and 75 per cent of rated voltage were represented by 
the small circles; those lying above this range by 
triangles and those lying below by crosses. Refer- 
ence to Figs. 4, 5, and 6 will show that the circles 
group themselves fairly well, verifying the conclu- 
sion just stated. The curves were drawn so as to repre- 
sent the mean of the values corresponding to the 
circles, and show that the following approximate 
division can be made: 
(1). For machines having a ratio of kw. tor.p.m. 
above 0.3 (large machines), the rate of voltage 
build-up is approximately the same for the differ- 
ent physical sizes. 
(2). For machines having a ratio of kw. tor.p.m. 
below 0.3 (small machines), the smaller the physi- 
cal size of the machine, the faster the rate of 
voltage build-up. 


346 July, 1928 


For convenience in making comparisons, the curves 
in Figs. 4 to 12 and a few other calculations are 
summed up by the curves in Fig. 13, which give the 
complete history of the build-up rate between any 
voltage limits determined by the operation of the 
regulator contacts. These curves show that the fol- 
lowing comparisons hold true for all types and sizes 
of machines: 


(1). For the larger part of the working range, the 
instantaneous rate of voltage build-up with self- 
excitation and paralleled fields is roughly four 
times that obtained with normal self-excitation 
(all field coils connected in series). 


(2). The instantaneous rate of voltage build-up 
is greater with separate excitation and paralleled 
fields than with normal self-excitation by a 
factor which depends on the exciter armature 
voltage. This factor has a value of about 8 at 50 
per cent and 125 per cent voltage; its minimum 
value is about 4 and occurs near rated voltage. 


In order to avoid the excessive field currents which 
occur near the ceiling voltage when parallel circuits 
are employed, it is usually necessary to insert an extra 
resistance in the field circuit, as in Fig. 1. If a quick- 
acting relay is used to insert this resistance as soon as 
-a certain field current is exceeded, the speed of build- 
up indicated by the curves in Fig. 13 would be obtained 
up to the point of operation of the relay. Above this 
point the build-up speed would, of course, be reduced. 
If, however, a resistance is permanently inserted in 
the field circuit the build-up speed would be reduced 
over the entire voltage range. In such cases the curves 
shown in Fig. 13, and the comparison made from them, 
would be modified to a degree depending on the 
amount of resistance inserted. For example, consider 
the extreme case of inserting a resistance which is 
large enough to bring the maximum field-coil current 
down to the maximum value obtained with normal 
self-excitation. The instantaneous build-up speed 
obtained with self-excitation and paralleled fields 
will be reduced to just twice that obtained with 
normal excitation. The instantaneous build-up speed 
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obtained with separate-excitation and paralleled 
fields will be little reduced at low voltages; but the 
reduction becomes more pronounced with the increase 
of voltage until, for voltages above normal, the build- 
up speed is only about twice that obtained with nor- 
mal self-excitation. | ' 

This article thus far has dealt with the rate of volt- 
age build-up. Another important exciter character- 
istic, from transient system stability considerations, 
is its ceiling voltage. The ceiling voltage of standard 
exciters with normal self-excitation will be roughly 
135 per cent of rated voltage. Because of the satura- 
tion of the iron and the necessity of limiting the field 
current, the ceiling voltage with paralleled fields or 
with separate excitation will be only about 15 per cent 
of rated voltage above the normal ceiling voltage. 
The advantage of paralleling the fields or of separ- 
ately exciting a standard exciter is therefore limited 
almost altogether to the obtaining of a faster rate of 
voltage build-up. 


Conclusions 

(1). For standard exciters with normal self-excita- 
tion, the maximum rate of voltage build-up occurs at 
about rated voltage. This maximum rate is between 
10 and 100 per cent of rated voltage per second, de- 
pending on the physical size of the machine. 


(2). For standard machines with self-excitation, 
but with the field coils connected in two parallel cir- 
cuits, the rate of voltage build-up is roughly four 
times that obtained with normal self-excitation. (2 


(3). For standard exciters with field coils in two 
parallel circuits and separately excited, the maximum 
rate of voltage build-up occurs at zero exciter voltage. 
At rated exciter voltage, this rate is about two-thirds 
its maximum value and is about four times the max- 
imum value obtained with normal self-excitation. ® 

(4.) The ceiling voltage on standard machines with 
paralleled field or with separate-excitation is about 
15 per cent of rated voltage higher than with self- 
excitation. | 


(?) These comparisons apply only to cases where no extra field resistance 
is permanentiy inserted. 


How Much Water Flows Over Niagara Falls? 


How much water flows over the great Niagara cata- 
ract? Engineers measured the flow in the Niagara 
River in 1917and concluded that 200,000 cubic feet per 
second made the drop—the biggest drop of water in 
America. Since 1917 the level of the water in Lake Erie 
has lowered slightly, thus reducing the flow over the 
Falls. In order to determine how much, engineers shot 
a line acoss the river at Goat Island just above the 


Falls for the purpose of installing a cable from which 
soundings of the river depth are made. Thus will be 
determined the rate of flow, almost to the gallon, and 
hence calculated how much of the water is put to work 
making electricity and how much is wasted. About 
96 per cent of the river goes over the Horseshoe Falls 
on the Canadian side. The center of the crest is 
moving backward eight feet each year. 
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The Direct-current Transformer Utilizing 


-Thyratron Tubes 


the Inverter it was shown 

that pliotrons, or high- 
vacuum three-electrode valves, in 
suitable circuit arrangements can 
be made to convert direct current 
into alternating current in a man- 
ner the inverse of that in which 
a rectifier converts alternating 
current to direct current. In de- 
veloping the inverter, the trans- 
fer or commutating problem was 
solved in such a way that the 
current reverses naturally, leav- 


È a previous article describing 


By D. C. PRINCE 


Research Laboratory, General Electric Company 


The transformation of direct 
current without rotating machin- 
ery has for many years afforded a 
most fascinating problem. Start- 
ing with the already avatlable 
tube rectifier as the latter half of a 


dc-ac. /ac-dc. transformation, pli- 
otrons were a few years ago made 
to function as inverters and thus 
complete the solution. In power 
applications, however, thyratrons 
are more suitable than pliotrons. 

—EDITOR 


however, somewhat different from 
those of the pliotron. While no 
current is flowing to an anode, 
the space surrounding that anode 
remains free of ionization. In this 
state, the well-known laws of grid 
action apply as in a high-vacuum 
tube. As long as the negative 
electric field due to the grid pre- 
dominates over the positive elec- 
tric field due to the anode, no 
current will flow. If, on the other 
hand, current is flowing to the 
anode, the surrounding space is 


ing to the pliotron grid only the 
function of holding the current at 
zero until it should flow again. 


The inverter is particularly well adapted for con- 
verting direct-current power into alternating-current 
power at the usual commercial frequencies except for 


Fig. 1. 


Thyratron Tube 


the losses that result from the present rather high 
space charge drop in the pliotrons. In recent years 
considerable research by several workers has been 
undertaken in order to produce and utilize tubes with- 
out incurring excessive losses. One of the most inter- 
esting of these tubes is the ‘“‘Thyratron,’’ one form 
of which consists of a mercury-arc rectifier with a 
grid added to each anode arm, as shown in Figs. 1 
and 2. In operation, the low voltage drop and high 
efficiency of the mercury-arc rectifier are obtained 
with valuable control characteristics which are, 


(1)°"*The Inverter,” by D. C. Prince, GENERAL Evectric Review, Octo- 
ber, 1925, p. 676. 


filled with ionization and the grid 
is no longer effective. The thyra- 
tron thus has the characteristic 
that current can be prevented from starting by a 
small negative grid voltage but cannot be stopped 
under the usual conditions of operation by applying 


Anode 
Grid 


Molding ore 
eectroges 


Fig. 2. Sketch of Thyratron Tube with 


Principal Parts Indicated 

a large negative grid voltage. These tubes are, there- 
fore, not suitable for driving oscillating circuits unless 
a natural stopping of the current is obtained by such 
methods as was described in the article on inverters. “) 

More specifically, the current flow is stopped with- 
out using grid control. Such a circuit is shown in Fig. 
3. It differs from a single-phase high-vacuum tube in- 
verter circuit in that no attempt need be made to 
keep the grid current proportional to the anode cur- 
rent. As in the high-vacuum inverter, an angular 
advance must be given to the grid phase. The oper- 
ation of such a circuit is indicated in Fig. 4. In this 


348 July, 1928 


illustration, the center points of the transformer wind- 
ings are used as the points of voltage referénce. The 
potentials e,, and e, are impressed upon the two 
anodes a; and a. Between times ti and t’, the poten- 
tial of grid gı is positive so that current flows to it 
and to the anode a, that it surrounds. During this 
time, grid g, has a negative potential impressed upon 
it so that no current can start to flow to az the 
anode which it surrounds. 


A. C. Output 
p J ] ; Condenser to 
VV A aarance grid 
ase 


Wade ee 


Fig. 3. Thyratron Inverter Circuit 


At t’ the relative polarity of the grids reverses. 
At this time, anode az is more positive than a, and 
therefore tends to gain current at the expense of a, 
since the total current is held substantially constant 
by inductance L. Between t’ and t, all the current 
leaves anode a; for a, so that at t’ there is nothing to 
maintain ionization in the neighborhood of grid gı 
and anode a;. From tz’ to #3’, the ionization decays and 
the grid g, is able to prevent the current from restart- 
ing when anode a, becomes more positive than a, at t’. 

At t” the reverse transfer begins to take place and 
is completed by t”, the time between tł” and t” 
serving for de-ionization of the space around az. 

The wave form of voltage is here assumed to be 
supplied by the load which may be synchronous 
machinery or may include static condensers. The 
operation with static condensers is described in 
greater detail later. 

For purposes of reference, the diagram of a single- 
phase rectifier is shown in Fig. 5, and the correspond- 
ing wave shapes in Fig. 6. A comparison will show a 
great similarity between the connection diagrams and 
wave shapes of the inverter and the rectifier. Except 
during transfer, the inverter and the rectifier have sine 
waves of counter-voltage and of voltage respectively. 
Each has a nearly square current wave. The instan- 
taneous powers of the two are therefore of the same 
form. The variations from the average are absorbed 
by the inductances and are also of the same form. 
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It is therefore possible to combine the two circuits 
as in Fig. 7. In the combination, the alternating-volt- 
age wave form is supplied by condenser C which sup- 
plies the transformer excitation that is purposely made 
large for stability. Since the inverter input power has 
the same form as the rectifier output power, there is no 
need for any energy to be stored inside the device 
except that represented by transformer excitation. 
That is, the input and output currents neutralize and 
do not tend to prevent the free swing of the oscillating 
excitation circuit which acts as a small flywheel. If 
the power input and output did not balance, a large 
flywheel would be required, but with the nearly per- 
fect balance very little storage action is necessary. 

Since the departures from average power are similar 
in both inverter and rectifier, the inductances L, and 
L may be wound on the same core provided the turns 
are in the same ratio as the turns of the main trans- 
former. Were separate inductances used, each would 
carry a direct-current component and so would have 
to be made with open cores. When combined on a 


Fig. 4. Wave Shapes of Thyratron Inverter, Showing 
the Transfer of Current Advanced in Phase with 
Respect to fs, fs’, ts”, etc. 
fai and fa: are the anode currents; ea: and eas are the anode voltages 
with respect to the middle of the transformer primary winding; and 
¢gi and eg: are the grid voltages with respect to the center of the winding 
supplying grid excitation. 


single core, however, the inverter and rectifier direct 
currents flow in opposite directions in this two-circuit 
inductance, so that the saturating effects cancel and 
a closed core can be used. 

Such a closed core does not store energy as does a 
heavy inductance. Instead, a sudden rise of rectified 
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load accompanied by a corresponding rise in inverter 
input encounters only the leakage reactance of the 
combination reactance. When the oscillating circuit 
voltage is passing through zero, the inverter has no 
counter-electromotive force, and the entire impressed 
voltage appears across the inductance. Simultaneously 
the rectifier has no output voltage so that the entire 
load must be supplied by the inductance. This device, 
therefore, transfers power directly from input to out- 
put circuits. Conversely, when the oscillating voltage 
is at its peak, it is higher than the impressed con- 
tinuous potential. Simultaneously, the rectifier volt- 
age is higher than the counter-electromotive force of 
its load circuit, so that energy flows back from the 
rectifier to the inverter circuit. 

In effect, the main transformer converts the funda- 
mental energy in sine waves. The combination reac- 
tance converts the harmonic energy difference between 


Fig. 5. 


Mercury Arc Rectifier Circuit 


the continuous input and output and the pulsating 
energy of the main transformer. The title of harmonic 
transformer would seem to apply naturally to this 
piece of apparatus. 

Turning now to the transfer period as shown in 
Fig. 8, it appears that from t, to t’ the potential differ- 
ence between inverter anodes a; and az is in the correct 
direction to produce transfer to a. At t’, grid ge be- 
comes positive and current can flow to anode az. Con- 
denser C promptly discharges, throwing the current 
all to anode az. From t,’ to tz’, the current to anode a, 
is held at zero by the continuing discharge of con- 
denser C which is, however, hastened by the fact that 
the current is not commutated immediately by the 
transformer and must, therefore, pass through C 
until the secondary current is commutated. De-ioniza- 
tion of the space surrounding anode a; takes place 
during this period. 

The potential difference between anodes a, and a, 
reverses at h’, but de-ionization is complete and grid 
gı now has a negative potential so that the current can- 
not return to anode a;. The potential difference is now 
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correct to transfer current from rectifier anode a; 
to a4. This transfer takés place between ty’ and ty’, and 
the free oscillation cycle then recommences. Between 
tı and t and between #,’ and t’, etc., full-load current 
flows in condenser C; and even after k and #,’, part of 
the load current flows through C for a short period. 
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Fig. 6. Mercury Arc Rectifier Wave Forms, Showing 
Natural Lag of Current Transfer 


fa; and fa: are the anode currents; and eai and eas are the anode voltages 
with respect to the middle of the transformer secondary winding. 


Fig. 9 shows oscillograms of some of the currents 
and voltages in different parts of the circuit. Un- 
fortunately, sufficient vibrators were not available. 
so that all traces could be made on one film. Fig. 9 
therefore consists of two films. Due to slight irregu- 
larities, it was impossible to match these films 
exactly, but the upright lines are drawn through 
corresponding points on the various traces. Trace 


Phase advoncing Condensers 


Fig. 7. Direct-current Transformer Circuit, Showing the Combination 
of Rectifier Circuit (Fig. 5, on right) and Inverter Circuit 
(Fig. 3, on left) 
A small oscillating circuit including condenser C and the exciting react- 
ance of the transformer shown to the right of it supplies the sea current 


for this transformer and stores the small amount of energy required for this 
service. 


a is the potential between one thyratron anode 
and the cathode. Trace b shows the corresponding 
anode current. This trace was taken through a cur- 
rent transformer so that trace bo, the normal zerg 
line, is in reality the average direct current; and the 
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true zero line b’ must be drawn on the film. The cur- 
rent is zero while there is a drop across the tube and, 
when it starts, it jumps to full value while the voltage 
falls to almost nothing. This accounts for the very 
high efficiency of these devices, since losses require 
simultaneous current and voltage drop. Trace c shows 
the current drawn by one grid. The starting of the 


Fig. 8. Wave Shapes of Direct-current Transformer, Indicating 
the Combination of Those Corresponding to the Inverter 
and the Rectifier 


fai and iem are the thyratron anode currents, ea: and eas the thyratron 
anode voltages with respect to the middle of the transformer winding. fas; and 
fas, and ea and ea, are the anode currents and voltages of the rectifier. 
en and eg: are the thyratron grid voltages with respect to the mid-point 
of the exciting winding and ig: and ig: the grid currents. 


grid and the anode currents coincide, but, unlike the 
high-vacuum tube, no further correspondence is 
necessary. This contributes to the simplicity of cir- 
cuit design, since no provisions for controlling the 
grid-current wave shape are required. Trace d is the 
main transformer secondary voltage. Each half cycle 
shows the usual form of a shock-excited wave with a 
fairly high decrement. This decrement is probably due 
mostly to the alternating-current losses, since the 
output is almost exactly balanced by the input 
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throughout the cycle. Trace e is the voltage across 
the grid transformer. It leads the main transformer 
voltage in time. 

It will be observed that the time t, at which the grid 
voltage reverses is the time at which a sudden change 
takes place in each of the other waves. These rapid 
changes are due to the release of the condenser charge 
for an instant during which it commutates the inverter 
current. This is started by the grid which becomes 
positive, and it stops when commutation is com- 
pleted. Since there is no reactance in the circuit in- 
volved, the action is extremely rapid. At time t, the 
reverse action takes place. A point of particular inter- 


Fig.9. Oscillograms of the Wave Shapes Obtained with a 
Direct-current Transformer 


@o—a is the voltage between one thyratron anode and the cathode, 
b’—» is the corresponding anode current, co—c shows the current drawn by 
one grid, de—d is the main transformer secondary voltage and eq—e is the 
voltage across the grid transformer. 


est is the negative kick in trace a. This is due to com- 
mutating the inverter current before the voltage 
passes through zero, and is depended upon to stop 
the arc and allow the grid to acquire control. 

Not without some difficulty is the imagination 
restrained from picturing distribution systems of the 
future using electric valves of different types. It is 
practically certain that circuits and apparatus of 
the types described here will be of increasingly greater 
interest to power system operators. 
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Maintenance of Gas-electric Motor Coaches 


Schedules of Inspection and Maintenance—Man-hours Required for Mechanical and for Electrical 
Work—Details of Electrical Work—Analysis of Types of Road Failures 


By G. W. WILSON 
Railway Engineering Department, General Electric Company 


tion system is to furnish a fast, reliable, com- 

fortable, and safe service to its patrons, and 
at the same time make a financial profit on the oper- 
ation. The solution of this problem can be reached 
only through the proper choice of equipment and 
the proper maintenance of this equipment after it 
has been placed in service. Having secured the type 
of vehicle best adapted to the purpose, the determina- 
tion of the proper inspection and maintenance sched- 
ules becomes of prime importance. 

In the past four years, the modern gasoline-electric 
motor coach has been developed and approximately 
1800 vehicles equipped with this type of transmission 
have been placed in operation on 30 different prop- 
erties throughout the United States. The purpose of 
this article is first to describe briefly the electrical 
equipment used in a modern motor coach transmis- 
sion, and then to outline in greater detail the most 
modern inspection and maintenance schedules for 
this type of equipment, the road failures that occur 
most frequently and how these failures are being 
corrected, and the general results being obtained 
from the operation of the coaches. 

The construction of the electric-drive motor coach 
is almost identical with that of the mechanical-drive 
vehicle except for the difference in the power trans- 
mission units. 

The equipment employed in the electric type of 
transmission consists essentially of a direct-current 
self-excited shunt-wound generator (having a small 
amount of battery teaser field to assure a quick and 
positive pickup) direct connected to the gasoline 
engine through some form of flexible drive, and one 
or more direct-current series-wound motors connected 
to the driving wheels through a conventional pro- 
peller shaft or shafts and proper gearing in the rear 
axle housing. The control equipment consists of a 
main controller for connecting the generator to the 
motors and for determining the directional movement 
of the vehicle, a potential -relay and accelerator 
switch for controlling the flow of current through the 
battery teaser field of the generator, and an electric 
braking resistor. The inherent characteristics of this 
electrical combination provide an automatic type of 
transmission that allows the torque at the electric 
traction motor shaft or shafts to vary from four 
times to one-half the engine torque with the engine 
running at full throttle and at its most economical 
speed. This characteristic permits full engine power 


Te business problem of any public transporta- 


to be applied, without interruption, to the driving 
wheels at all vehicle speeds. An electric-drive vehicle 
having a given power-weight ratio can thus attain 
higher acceleration rates than can the conventional 
gear-drive motor coach. The higher acceleration rate 
results in a higher schedule speed under most condi- 
tions of motor-coach service. 

In working out an adequate and economical main- 
tenance system for gas-electric motor coaches, the 
character of service rendered, the type of vehicle 
used, and the climatic and road conditions must be 
taken into consideration, for differences in these fac- 
tors will materially affect the maintenance and inspec- 
tion methods and costs. The majority of electric- 
drive motor coaches are being operated over city 
streets in a northern climate where stops are frequent, 
heavy peak loads are carried, and a fast schedule 
speed is maintained. These vehicles are usually 
equipped with six-cylinder engines developing 75 to 
90 hp. at 1800 r.p.m. The motor coach complete with 
a single-deck body, seating 29 to 33 passengers, 
weighs 14,400 to 16,000 lb. without passengers. The 
same chassis, with a double-deck body that seats 67 
to 71 passengers, weighs 18,000 to 21,000 lb. without 
passenger load. 

With this general type of vehicle and character of 
service to be maintained, the following inspection and 
maintenance schedule has been worked out by select- 
ing the good points from the schedules employed 
by a number of transportation systems which operate 
electric-drive motor coaches. If this schedule is care- 
fully followed, effective, adequate, and economical 
inspection and maintenance should result. Since the 
mechanical portions of the vehicle are practically the 
same as those used in a mechanical-drive vehicle, no 
attempt will be made to give detailed instructions for 
the inspection and maintenance of these parts. 

The inspection schedule should be divided into 
three classes and the time for each inspection meas- 
ured on either a mileage or some other definite basis. 
It has been found, however, that the mileage basis is 
entirely satisfactory where the character of service 
of the whole property is comparable. 


1000-mile Inspection 

After each 1000 miles of service each part of the 
vehicle should be inspected and all bearings and wear- 
ing parts lubricated. The electric generator and motor 
commutators should be inspected for loose bars or 
high mica, the brushes checked for wear and to insure 
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that they are free in the brush-holders. The controller 30,000-mile Inspection 

relay, and accelerator switch should be inspected for After 30,000 miles of operation it has been 
burned contact fingers and any necessary adjustment found economical to include certain maintenance 
made. The braking resistor should be checked for work on the vehicle in addition to the regular 
inspections previously 
outlined. This work is usu- 
ally done in the regular 
inspection garage with- 
out removing the units 
from the chassis. At this 
time the gasoline engine is 
completely overhauled and 
other mechanical portions 
of the chassis are checked 
for wear and replaced if 
necessary. In addition to 
repeating the work done 
on the electrical equipment 
at the 1000 and 2000-mile 
inspections it may be found 
necessary, in the case of 
the earlier types of equip- 
ment, to remove the gen- 
erators from the chassis to 
turn and slot the commu- 
tators. This inspection 
broken grids. This entire inspection should take from should take from 10 to 12 man-hours, about two 
2 to 4 man-hours, about one-half hour of which should hours of which should be spent on the electrical 
be devoted to the electrical equipment. equipment. | 
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Fig. 1. Motor-coach Pit Arrangement Employed by the Capitol District 
Transportation Company, Albany, N Y. 


2000-mile Inspection 

The 2000-mile inspection 
should comprise a more 
rigid survey of the mechan- 
ical portions of the vehicle 
for the purpose of detecting 
and replacing any abnor- 
mally worn or defective 
parts. In addition to the 
same oiling and greasing 
as was done at 1000 miles, 
the engine oil should be 
changed. The electrical 
equipment should also be 
inspected as at 1000 miles; 
and in addition the gener- 
ators and motors should be 
inspected for proper brush- 
spring tension, any road 
dirt or dust that has col- 
lected inside the machines Fig. 2. Method of Removing Engine from Gas-electric Coach 
should be blown out with 
dry compressed air and the bearings checked for noise. General Overhaul 
The controller, relay, and accelerator-switch finger In addition to the regular inspection periods out- 
pressure should be checked and adjusted if necessary. lined, it is almost universal practice among gas-elec- 
This inspection should take from 5 to 7 man-hours tric motor-coach operators to establish a regular 
and approximately 1 hour’s work should be spent on overhaul period at which time each individual part 
the electrical equipment. is disassembled, checked for wear, and repaired or 
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renewed if required. The length of service between 
these overhaul periods varies with the operation 
but a good average figure is 100,000 miles. At this 
time all electrical units should be removed from the 
coach, and the motors and generators completely 
disassembled and each part thoroughly cleaned. 
The armatures and field coils of the motors and gen- 


Fig. 3. Removing Armature from a Motor-coach Generator 


erators should be dipped in a good insulating varnish 
and thoroughly baked. The commutator should be 
tightened, turned, and under cut. The ball bearings 
on all machines should be checked for worn or cracked 
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spots on the drum should be dressed up with a fine file. 
Any fingers that show signsof heating or burning should 
be replaced. When work is completed on the controller 
it should be given the same high-potential test that is 
recommended for the motors and generators. 

The contacts, fingers, and springs of the relay and 
accelerator switch should be replaced. The braking 
resistors should be checked for broken grids and 
given the same high-potential test that 1s recom- 


Fig. 5. Garage Facilities for Washing Coach Bodies 
Quickly and at Low Cost 


mended for the motors, generators, and controllers. 
This entire procedure so far as the electrical equip- 
ment is concerned should consume from 20 to 30 man- 
hours. The time taken for doing all of the overhaul 
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Fig. 4. Wheel Removed for Relining the Brake 


balls and replaced if necessary. The brush-holder 
boxes should also be checked for wear. Before assem- 
bling these machines each insulated part should be 
given a high-potential test of twice the normal voltage, 
and after assembling the complete machine should be 
given the same high-potential test. The main con- 
troller should be thoroughly cleaned and any burned 


work is approximately 8 working days. After the 
vehicle has been thus overhauled, it is in first-class 
condition for another 100,000 miles of service with 
the intervening inspection periods as outlined. 

The matter of painting has purposely been excluded 
from this article since it is subject to the desires of 
the particular operator involved. 
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Labor Necessary 

The number of men necessary to carry out the 
inspection and maintenance schedule outlined will of 
course depend on the garage facilities available and 
the number of vehicles operated. A survey of the 
operation of 1400 gas-electric drive motor coaches 
on a number of properties of varied territorial extent 
has shown that 3.5 vehicles per garage employee is a 
fairly good average figure for carrying out this work. 
This includes garage foremen and assistants, mechan- 
ics and helpers, electricians and helpers, carpenters, 
gassers, oilers, greasers, and stockroom employees. 
An attempt was made during this survey to deter- 
mine the ratio of electricians per vehicle operated, 
but it was found impossible because of the variation in 
the system of rating employees by different operators. 


Road Failures 

Regardless of the thoroughness of the inspection 
and maintenance system used, the problem of road 
delays and their prevention is always of vital import- 
ance to the operator. The majority of operators of gas- 
electric motor coaches keep an accurate record of all 
road delays and from this record endeavor to correct 
the troubles that frequently occur and cause delay. 
Some operators have prepared charts from their road- 
delay sheets and from these charts have attempted to 
establish a useful life period for all parts of the vehicle 
that are a continual source of annoyance. After this 
useful life period has been established, the plan is to 
replace the parts before actual failure occurs. While 
this system has much to recommend it, the question of 
the useful life of a given part must bechecked frequently 
and new schedules arranged in order to make sure that 
maximum life is being obtained before the part is dis- 
carded; otherwise, this method proves wasteful. 

The most frequent of all the road failures of a gas- 
electric motor coach are those caused by trouble with 
the gasoline engine. These troubles, in the order of 
their frequency of occurrence, originate in the spark 
plugs, ignition system, and gasoline and cooling sys- 
tems. There seems to be little hope for the immediate 
correction of the first two kinds of trouble except by 
the method of determining useful life and replacing the 
parts before failures occur. The gasoline system trou- 
bles are continually being reduced by careful inspec- 
tion and by keeping all parts carrying fuel from the 
gasoline tank to the engine free from foreign matter. 
The cooling system trouble that was a continual source 
of annoyance on old gas-electric coaches, due to over- 


heating, has almost completely disappeared on later 


vehicles of this type. The improvement was brought 
about by the use of larger capacity radiators. How- 
ever, an occasional cleaning of the radiator is still 
necessary in order to prevent the adjoining engine 
from becoming overheated. 

Brakes and brake mechanism troubles rate second 
in causing road delays. These delays are being reduced 
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by the installation of brake-testing equipments in the 
garages, and by the use of a proper combination of 
brake lining and drum. The average life of a fabric 
lining on a single-deck gas-electric motor coach in the 
service that has been described is between 8,000 and 
12,000 miles. The present electric brake is not suitable 
for service stops but becomes of material value in de- 
scending long grades where it is desired to hold the 
vehicle at a fairly constant speed. 

Tire troubles are third in causing road delays. 
The number of delays due to this cause is being re- 
duced and in many instances such delays have been 
almost completely eliminated by the use of a tire of 
adequate capacity and the making of an occasional 
inspection of the condition of the tire. A careful sur- 
vey of tire mileage and cost has showed that the aver- 
age life of a 38-in. by 7-in. high-pressure pneumatic 
tire on a single-deck gas-electric motor coach is be- 
tween 15,000 and 20,000 miles, and the average cost 
is between 1 and 1.6¢ per vehicle-mile. This cost 
includes a total of six tires per vehicle. 

The road delays due to miscellaneous causes of 
body, chassis lighting, and heating system failures are 
next in rank but may be materially reduced by care- 
ful inspection and proper driving instructions. 

The delays due to electric-transmission troubles are 
fifth in the list and the causes vary with the type of 
equipment used and the operating schedules. Many 
of the causes of failure and delay in early designs of 
electric transmission for motor coaches have been cor- 
rected in later designs by the addition of commutating 
poles in both motors and generators, improved venti- 
lation of the electrical machines, better banding and 
accurate dynamic balancing of the armatures, and the 
use of heatproof insulation throughout. A classifica- 
tion of the road delays chargeable to the electric trans- 
mission shows the following sources of the troubles, 
in the order of their importance: motor commutators 
and banding wire, brushes and brush-holders, insula- 
tion failure, relays and accelerator switch, chassis 
wiring and main controller. These failures are an ex- 
tremely low percentage of the total under any con- 
dition and may be almost completely eliminated by 
careful inspection and adequate maintenance methods. 

The results obtained from the past four years’ ex- 
perience in operating and maintaining gas-electric 
motor coaches can best be measured by the reliability 
and the cost of maintenance of this type of vehicle 
when operating under the service conditions outlined 
previously. A survey covering 1600 gas-electric 
motor coaches operated 64 million vehicle-miles in the 
year 1927 shows that an average of 3800 miles of oper- 
ation per road delay was realized. This figure includes 
delays from all causes. The survey further shows an 
average of 360,000 miles of service per road delay due 
to the electric transmission. 

Although the majority of operators using, or con- 
templating the use of gas-electric motor coaches, are 
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vitally interested in.the maintenance cost of this type 
of equipment, any actual figures on maintenance costs 
are of very little value- unless the property involved 
and the operating conditions are known and carefully 
analyzed. To illustrate this point, it has been found 
that the operating costs on different properties will 
vary more than 50 per cent, depending upon the shop 


methods used, the wage scale, and the thoroughness | 


of the inspection and maintenance system employed. 
For this reason it is practically impossible to predict 


the average maintenance cost for a gas-electric 
vehicle. A careful survey of a number of properties 
operating this type of equipment has shown that the 
cost of maintaining this equipment on a vehicle-mile 
basis is between 3.5 and 5.5¢ per mile for the single- 
deck type and between 4.2 and 7.0¢ per mile 
for the double-deck type. These costs include all 
garage facilities, labor, and materials used for the 
maintenance of the chassis and bodies and the cost 
of tires. 


Electric-steam Generator Returns 6 Per Cent on Investment 


A savings of $6,000 in a heating season of eight 
months, or a return of 6 per cent on an investment of 
$100,000, is estimated by the Central Maine Power 
Company to be the result of installing an electric 
steam generator for heating its own and some 
other private buildings. This company maintains a 
stand-by steam-electric generating plant at Lewiston 
(Maine), and hydroelectric power is also available 
at that point from its plant at Gulf Island (Maine). 


End View of the Boiler with 
Doors Open 


At Lewiston it is necessary to keep warm the fuel-oil 
supply and plant equipment, as well as to heat the 
office building and storehouse. In addition, the Com- 
pany furnishes heat by contract to a local theatre and 
to a hotel. 

Previous to the installation of the electric-steam 
generator, heat was supplied by a section of the oil- 
burning boilers. The electric-steam generator now in 
use utilizes surplus hydroelectric power generated 
at the Gulf Island plant. The steam boiler, built by 
the International Engineering Works, is 66 in. in 
diameter and 19 ft. in overall length, and contains 
72 steel tubes three inches in diameter by 16 ft. long. 
The boiler was built for a working pressure of 125 
lb. and is rated 1200 kw. 


The complete electrical equipment was furnished by 
the General Electric Company and consistsof 144 heat- 
ing units, four control panels, and four pressure gov- 
ernors. The boiler is also equipped with a Copes water 


regulator, making the operation entirely automatic. 


The boiler is designed for 440-volt 3-phase operation, 
and has a connected capacity of 1200 kw. divided into 
four circuits of 300 kw. each. An automatic control 
panel and pressure governor are provided for each 
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Side View of the Boiler, Showing Cables to Terminals, Steam Gauge, 


Water Colymn, and Feed-water Regulator 


300-kw. circuit, the pressure governors being set a few 
pounds apart so that the sections will be thrown on or 
off successively with falling or rising of steam pressure. 

The efficiency of the boiler, as estimated by the 
owner, is almost 100 per cent; as nearly all the energy 
is expended inside the boiler, because, with the boiler 
well insulated, the loss from radiation is practically 
negligible. The average daily power consumption in 
winter is approximately 15,000 kw-hr. The Company 
figures the power consumed by the boiler as surplus, 
as it would otherwise be wasted over the dam. The 
only charge made against the boiler, therefore, is the 
fixed charges on the investment and, on this basis, 
the saving effected over the oil boiler is roughly $25 
per day. 
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Stability of Synchronous Motors Under Variable-torque 
Loads as Determined by the Recording 


Product Integraph 


Fundamental Considerations of Torque—Construction and Operation of the Integraph—Solution of 
Synchronous Torque Problem by Integraph—Approximations and Errors Involved— 


HE development of meth- 

ods of calculation which 

may be applied directly 
to the widespread and increasing 
use of synchronous motors for 
driving certain types of loads 
tends to awaken a new interest 
in the special problems which 
accompany such installations. 
Among these problems the mat- 
ter of dealing with loads of varia- 
ble torque assumes great impor- 
tance as affecting vitally the 
stability of operation. 


Mechanical Analogy—Conclusions 


By LEO TEPLOW 


Graduate, Massachusetts Institute of Technology 


The human difficulties encoun- 
tered in the increasingly complex 
operations of modern life have 
resulted in the devclopment of re- 
markably ingenious mechanisms, 
aptly called ‘Robots.”’ These were 
made the subject of an article by 


Dr. S. W. Stratton and Frank 
Stocktridge in the ‘‘Saiurday 
Evening Post’’ of January 21, 
1928. The application of one of 
these devices to the solution of a 
particular problem appears telow. 


certain constant angle behind the 
impressed voltage, this angle being 
dependent upon, but not neces- 
sarily directly proportional to, the 
torque of the load. The torque 
thus generated by the motor, in 
this case equal to the load torque, 
will be called the synchronizing 
torque, as it makes the motor 
operate at synchronous speed. If 
we let 7, be the synchronizing 
torque per unit angle of lag of the 
rotor behind the impressed volt- 
age, the equation for the motion 


One such problem arises in con- 
nection with synchronous motor- 
driven compressors. This and kin- 
dred cases present very definite load conditions, but 
which are often difficult to evaluate accurately both be- 
cause of the complexity of the functions expressing the 
load cycle and the difficulty involved in securing accu- 
rate practical data, in the form of indicator cards, for 
example, or the torque characteristic of the compressor. 

A large compressor installation is shown in Fig. 1; 
and Fig. 2 contains a typical torque characteristic to 
which has been fitted an equivalent curve derived from 
a four-harmonic Fourier Series. Similar curves furnish 
the basis for the solutions of the torque problem in 
synchronous motor operation under variable load con- 
ditions, the salient points of which are here outlined. 


Analysis of the Problem* 


Assume a synchronous motor operating at constant 
load. Its instantaneous speed, as well as its average 
speed, will then be synchronous. The rotor will lag a 


*TABLE OF SYMBOLS EMPLOYED IN SOLUTION OF PROBLEM 

e = Voltage at any instant f. 

J = Frequency of oscillation of any system. 

hi. fe. Ju. fo = Any function of t that may be plotted. 

J (t) =Shaft torque required by compressor at any instant, in !b-ft. 

I =Moment of inertia of motor rotor plus flywheel plus any other attached 
moving parts. 

s=Current at any instant. 

K = Any constant load torque. 

N =Synchronous speed in r.p.m. 

P,=Synchronizing power; change in input to machine per mechanical 
radian displacement of rotor. 

P, =Input to motor in kw. at one mechanical radian displacement of rotor. 

p =Numter of poles. 

Tga = Damping torque, in pound-feet per mechanical radian slip per second. 

T, =Synchronizing torque; change in torque in lb-ft. per mechanical radian 
change in rotor displacement. 

WR? = Flywheel effect. 

y = Angular displacement of rotor with respect to terminal voltage at any 
instant. 


of the rotor for the condition 
given 1S 
Ty=K, 


where y is the angular lag of the rotor, and K is any 
constant load torque. 

Assume that the load torque is suddenly changed 
to some smaller value. The motor torque is now 
greater than the load torque, causing the rotor to 
speed up. Since such speeding up is liable to throw 
the motor out of synchronism, it is now universal 
practice to use amortisseur windings, or squirrel-cage 
windings, upon the pole faces. These windings are in- 
active when the rotor runs at synchronous speed; 
when it runs at any other speed, these windings cut 
lines of flux which action induces currents in the wind- 
ing. The effect of these eddy currents 1s a torque 
acting in such a direction as to oppose a change in 
speed of the rotor; t.e., when the rotor is accelerating, 
the damping torque acts in opposition to the syn- 
chronizing torque, and when the rotor is decelerating, 
the damping torque aids the synchronizing torque. 
Thus the damping winding tends to keep the rotor in 
synchronism with the power supply and is an im- 
portant factor in the study of stability. 

Therefore, if the load torque is suddenly decreased, 
as in the preceding case, the rotor will speed up be- 
cause of the action of the synchronizing torque, but 
its acceleration will be opposed by the damping 
torque, whose magnitude is roughly proportional to 
the acceleration (or deceleration) of the rotor. Since 
y is the angular lag of the rotor, the angular acceler- 
ation (or deceleration) will be the variation in y per 
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dy 
given change in ?, or = If Ta is the magnitude 


at 
of the damping torque per unit angular slip per sec- 
ond, the magnitude of the induction or damping 
dy 
dt 
Since acceleration takes place, there is one more 
factor which must be considered before the complete 
equation for the motion of the rotor can be written, 
viz., the “‘inertia torque” required to accelerate and 
decelerate the mass of the rotor and connected moving 
parts. Since it is angular motion that is to be consid- 
ered, the mass to be accelerated is represented by 


torque at any instant will be T4 


(Courtesy of Ingersoll-Rand) 


Fig. 1. A Battery of Direct-connected Synchronous Motor-driven 


Compressors at Muscle Shoals (Ala.) 


the moment of inertia (I), and the torque required 


d?y d?y 
to give it any acceleration Jy ? will be I A This is the 


unbalanced torque due to the synchronizing and 
damping torque on one hand, and the load torque on 
the other. Consequently, the equation of the rotor 
torque may be written in terms of the angle of lag 
as follows: 


ee 


dt? dt È Tsy =f(t) 


where f(t) is the variable load torque. 

This is the basic equation for the rotor of a 
synchronous motor driving a variable torque load. 
It is a second order differential equation, whose 
solution is very arduous if attempted along conven- 
tional lines, due in part to the fact that f(t) can not 
be expressed in any simple mathematical manner. 
The usual method of analysis has been to expand 
F(t) into a Fourier Series, and then to solve the equa- 
tion separately for each harmonic, four being the 
number ordinarily considered. The method of using 
four harmonics is laborious, but in most cases 
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sufficiently accurate for practical purposes. The effect 
of the higher harmonics is usually not large; and this 
article gives a comparison of the results based upon 
approximate methods and those obtained from the 
use of actual compressor torque curves. 

Another serious obstacle to the solution of this 
equation appears in the value of 7,. The synchronizing 
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Fig. 2. The Torque Characteristic of a Two-cylinder Double-acting 
Ammonia Compressor. The dotted curve is the four-harmonic 
equivalent determined by a Fourier Series analysis 


torque characteristic, as shown in Fig. 3, is not a 
straight line,. but rather approaches very closely a 
sine curve drawn through the zero and full load points. 
However, without undue error it may be assumed 
straight in the range from 15 to 30 deg., within which 
most motors operate. 

The solution of the problem by the more nearly 
correct method furnished by the use of the record- 
ing product integraph eliminates certain of the larger 
sources of error in the method usually employed. 
Moreover, the time and labor involved in obtaining 
this more exact solution are greatly reduced. Even 
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Fig. 3. A Typical Steady-state Synchronous Torque Characteristic 
of a Low-speed Salient-pole Synchronous Motor 


this solution, however, is not exact, and such assump- 
tions and errors as the integraph method involves will 
be pointed out later. 


The Integraph 

The Recording Product Integraph and Multiplier 
has been in the process of development at Massa- 
chusetts Institute of Technology, under the super- 
vision of Dr. V. Bush, for several years. Originally 
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conceived to help solve the problem of transients in 
three-phase transmission lines, it has become an in- 
valuable aid in numerous mathematical problems. 
Since no complete description of the machine, as 
at present constituted, has yet been published, the 
following explanation is given. 


Multiplier 


_— t; 
Eae 1 
quits Tebe 2 


Fig. 4. The Recording Product Integraph, Showing 
General Arrangement of Parts 
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The heart of the integraph is an ordinary watt- 
hour meter as shown in Figs. 4 and 5. It is universally 
known that a watt-hour meter continually evaluates 


t 
the instantaneous integral f e 1 dt, the speed of the 
0 


moving element being proportional to the product of 
e and 1, and the net motion of the moving element or 
armature being proportional to the integral. Inorderto 
obtain the integral of the product of two functions, 
then, it is only necessary to make the current in the 
field at all times proportional to fı, and the current 
in the armature proportional to f2. This was done by 
connecting the field coil and armature to separate 
slide wires in such fashion that the e.m.f. impressed 
on them was obtained between a mid-tap and a mov- 
able contact on each slide-wire, one of which is shown 
in Fig. 6. If fı and fz are now plotted on moving tables 
(Fig. 4) under their corresponding slide-wires, with 
the zero axis of the functions under the mid-tap of the 
slide-wires, and if the movable contacts are made to 
follow the plotted functions, the e.m.f. impressed upon 
the watt-hour meter field and armature will be pro- 
portional respectively to fı and fz; and the net motion 
of the armature, assuming that the tables are moving 
t 


at constant speed, will be proportional to | fı fe dt. 


In order to minimize the error due to taking a heavy 
current from the slide-wires, the field coils were re- 
wound to take the same current as the armature coils. 


Since, in order to obtain the instantaneous integral, 


f fı fadt, it would be necessary to read the registration 
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Fig. 5. The Driving and Integrating Elements of the Integraph 
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of the watt-hour meter at very short, equal intervals 
of time, an ingenious servo-motor and contactor 
device were installed, causing the servo-motor to follow 
the motion of the watt-hour meter armature, and 
drive a pencil whose displacement was then propor- 
tional to the integral. 

The next step in the development of the integraph 
was to split the watt-hour meter field winding into 
two separate coils, each drawing its e.m.f. from a 
separate slide-wire. Since the fluxes of the two coils 
add (or subtract) directly, and since the two slide- 
wires are independent, it is possible to obtain the 
integral of the product of two factors, one of which 
is the sum of two distinct functions, or 


f f (f2 + fs) dt 


The next important step in the development of the 
integraph was the addition of a mechanical integrating 
device which is shown in Fig. 7. This consists of a large 
flat disk, mounted in a vertical plane, driven at con- 
stant speed by a synchronous motor. This driving disk 
is in frictional contact on its flat side with a smaller 
disk mounted horizontally; and the small driven disk 
may be moved in a vertical plane in such a manner as 
to vary the distance between the point of contact of 
the two disks and the center of the driving disk. If 
this distance varies as f(x), then the net motion of the 


t 
driven disk will be proportional to Í f (x) dt. In 


0 
actual operation, this distance is automatically made 
proportional to the first integral, as obtained by the 
watt-hour meter and its connected, or first stage, 
servo-mechanism. Therefore the net motion of the 


t t 
driven disk will be proportional to Í [ fi (fe + fs) dt dt. 


Fig. 6. The Slide-wire Curve Tracing Device by Means of 
which the Integration Process is Carried Out 


The driven disk, in turn, operates a second stage 
servo-motor, which drives a pencil whose displacement 


t (‘t 
is then proportional to Í f fi (fe + fs) dt dt. 


Another gear arrangement makes it possible to 
change the distance between the point of contact 
of the two disks and the center of the driving disk by 
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hand, this motion being added to the first integral 
through a differential gear. If this superimposed 
motion be made proportional to some fourth function 
fx, the result will be a solution, in a single operation, 
of the integral | 
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Fig. 7. The Mechanical Integrating Element 


The final development of the integraph, which made 
it possible to solve the present problem with such ease 
was the installation of three different drives (Figs. 
4 and 5) so that each table upon which the functions 
were plotted could be driven by any one of the three 
drives. The first drive imparts a constant-speed 
motion to the attached tables, being driven by a syn- 
chronous motor. The second drive, being driven by 
the first stage servo-motor, gives to its attached tables 
a displacement proportional to the first integral; and 
the third drive, driven by the second stage servo- 
motor, gives to the tables attached to it a displacement 
proportional to the second integral, or the result. 

Thus it is possible to obtain the integral of a func- 
tion of the result, as, for example, 


y= f fv dt dt 


If in the equation 


y= [fh (fo + fs) didi | fat 


fsand f,are attached to the third drive, then we have 
the solution to the equation 


y= | fh (fo + fs y) dt dt +f feral 
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which, as will be shown later, is the solution to the 
problem at hand. 

A mechanical multiplier is also included as a part 
of the integraph, by the aid of which it 1s possible to 
obtain the solution to the equation and multiply it 
by some other function, all at a single operation. 

The foregoing description merely touches on the 
salient points of the integraph and multiplier. The 
skill and nicety of construction, and the numerous 
ingenious ideas and suggestions which have led to the 
integraph as it is at present constituted, will be 
readily appreciated upon consideration of the solutions 
made possible through its use. 


Integraph Solution 

It has been shown that the basic equation for the 
torque of the rotor of a synchronous motor driving a 
compressor is ~ by 


ro ene Ta”? + Ty = f(t) 
This may be written 
ay _ dy 
de -Yo- T,y|- = Ts J 


Integrating this with respect to t, we have 


dy 
dt 


and integrating again, we find that the angle of lag 
may be expressed as 


yf f3 [f() —T, y] dt dt -f3 Ta y dt 


Before proceeding to the method of solution fur- 
nished by the integraph, which is really a continua- 
tion of the work® of A. R. Stevenson, Jr., on a 
similar problem, a short résumé of the method (” 
employed in the earlier case is given: 

Starting with the same basic equation of the form 


‘1 
= [ FUO-T.sla -3 Ta 


0 499 tey = fl) 


the solution was made according to the following 
brief outline: 


“Assume that f(t) begins to act when t=u. 
i 
Then ja f &* sin w(t—u) f(u) du (a) 
aw) ‘ 


— pt 


t 
or z=awy=e "sin wt | & cos wu f(u) du 
0 


(b) 


(1)‘‘Error Due to Neglecting Electrical Forces in Calculating Fly wheels 
for Reciprocating Machinery Driven by Synchronous Motors,” by A. R. 
Stevenson, Jr.. GENERAL ELECTRIC Review, November, 1922, p. 690. 

(? “On the Oscillations of Certain Electrical or Mechanical Systems 
by Ivar Herlitz, GENERAL ELECTRIC 


t 
—e~* cos wtf ®™ sin wu f(u) du 


Due to a Periodic Impressed Force,” 
Review, November, 1922, p. 686. 
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t 
z=e "sin wt [A +f &“ cos wu f(u) du] 


t 
—e—*? cos wt B+ | & sin wu f(u) du] (c) 


I, (cos wT — e~’) +I sin wT 


where A= (d) 
2 (cosh BT —cos wT) 
_ .-6T\ _ 7 ¢: 
and pul? (cos wT — e °° )—I, sin wT (e) 
2 (cosh BT —cos wT) 
T 
where n= f & cos wu f(u) du (f) 
T 
b= f e sin wu flu) du (g) 
=>, w A and T = time for one 


complete period of f(t). 
“The procedure is: 


(1) Evaluate the two integrals in (b) as functions 
of time for one period of f(t). As the final result, 
I, and I, are obtained. 


(2) Calculate the values A and B from the Equa- 
tions (d) and (e), and add the results to the 
integrals, as indicated in Equation (c). 

(3) Multiply by the factors indicated in (c) and 
subtract the results. The final result is then z, 
which, multiplied by a constant factor, gives y.” 


This process, as appears on the face of it, is ex- 
tremely laborious, but has the advantage over other 
methods that f(t) may be used as calculated, and does 
not need to be analyzed into a Fourier Series, thus 
eliminating an appreciable, though relatively unim- 
portant error. This method was employed by Mr. 
Stevenson because of its theoretical interest rather 
than for the added accuracy; in the present case a 
solution of the same problem is made on the integraph 
for the purpose of checking the result he obtained. 

For convenience, let the tables of the integraph 
(see Fig. 4) be numbered in order from left to right, 
1, 2, 3, and 4 (not including the multiplier). 

One of the factors of the double integral is 1/J, the 
other factor being (f(t)—T, y). Accordingly, let slide 
wire 2 be given a displacement proportional to 1/I. 
This setting will be constant, so that table 2 need not 
be driven at all, and may be disconnected. Plot f(t) 
on table J to a suitable scale. Since f(t) is a function 
of time, table 1 must be attached to the constant- 
speed drive. It should be noted that f(t) need not be ex- 
pressed mathematically, since it is necessary only to be 
able to plot it. 

T,y is a function of y. Being plotted on table 3, this 
table must be attached to the third drive, thus giving 
it a displacement proportional to the result. 
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There yet remains the last term of the equation 


to be taken care of: ; T,ydt. Since T; y is a function 


of y, it, too, must be plotted on a table attached to 
drive 3. This is a pure integral, and may therefore 
be evaluated on the mechanical integrator, as pre- 
viously described, the factor thus introduced being 
directly added (algebraically) to the result by means 
of a hand gear controlling the vertical motion 
of the driven disk. T, y is plotted on table 3, and the 
gear mechanism so operated as to make the pointer 
follow this plotted line, the desired integral being thus 
introduced into the final result. The result is drawn 
on table 4, which moves at constant speed, by a pen- 
cil attached to the gear mechanism driven by the 
second-stage servo-motor. 

In order to actually solve any problem on the 
integraph as outlined, it is first necessary to calibrate 
the mechanism and to determine the relative magni- 
tudes of the different displacements. To do this, it is 
first necessary to analyze the basic equation 


dy dy 
I qa tTa ates y=f(t) 
If the load be removed, f(t) =0, and we have an equa- 
tion such as would apply to the motion of a damped 
pendulum, or the oscillation of a damped spring. 
From previous experience with similar equations, it 
is possible to write upon inspection that the fre- 
quency of such a system is 

T; Iy 

I 47 

With such quantities as are met with in practice, the 
second term under the radical sign becomes entirely 
negligible and, as far as the frequency of oscillation is 
concerned, the equation may be written 


w=27rf= 


w=2rf=4] — 
I 
1 |T, 
and = On T 


A sine curve of the desired frequency is obtained 
by adjusting the slope of T, and the magnitude of 
1/I, f(t) being set at zero. 

The decrement factor remains to be taken into 
account. By inspection of the basic equation it is evi- 
dent that the time factor for such a motion is given by 


th=I/Tq. 


The desired decrement factor is obtained by adjust- 
ing the slope of Tq. 

Before going further, it might be well to give actual 
values to the quantities involved. The data used in this 
problem follow: 

A two-cylinder, double-acting ammonia compres- 

sor, with cranks at right angles, has a torque 
characteristic as shown in Fig. 2. 
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The average torque is 10,710 lb-ft. 

It is driven by a 360-kw. 450-hp. 40-pole 220-volt, 
3-phase synchronous motor, at 180 r.p.m. 

Moment of inertia of rotor plus moving parts, 644. 

P, of motor is 870 kw. 

(Po is a fictitious value, representing the input to 
the motor if it were operated at an angle of one 
mechanical radian, assuming the T, character- 
istic to be a straight line). 

T4= 3400 lb-ft. per mechanical radian slip per sec. 
(by test). 

T,=synchronizing torque at a lag of one mechan- 
ical radian | 

80 _ 499 933,009 = 634,000 1b-ft. 

360 27X180 2 

The lag at the given load of 10,710 lb-ft. is 
10,710 
634,000 


Then the equation may be written 


X 57.3 X 20 = 19.35 electrical degrees. 


dy dy 
ie = 4 = 
644 a + 634,000 ue 00 y =f (t) 


and o 
-l ffs Te 
2r VI 4]? 


and ż, the time for one cycle, is 1/4.99=0.2008 sec. 
Time constant of decrement factor, I/T,= 644/3400 
= (0.189 sec. 


= 4.99 cycles per second. 


That is all the preliminary calculation and calibra- 
tion required. Only one difficulty remains, viz., to 
decide at what point on T,y and T,y to start. 
The initial value of y is not known; therefore T,y and 
Tay must be given the most likely or average values, 
and several runs must be taken in succession, each 
beginning where the preceding one leaves off, until 
the transient is eliminated, and a steady state is 
achieved; t.e., until the successive result curves be- 
come identical. When this is accomplished (it may 
take six or seven runs) the problem is completely 
solved. 

Each run takes approximately eight minutes, so 
that the entire series of runs for any given problem 
will take approximately one hour, in addition to the 
time required for calibrating the integraph and 
evaluating the results. Thus the entire problem, in- 
cluding the plotting of the curves, calculation of data, 
and evaluation of results need not take more than 
about five or six hours. While the curves are being 
run off on the integraph, three operators are usually 
required for the space of about one hour. The calcu- 
lation of curves, calibration of the integraph, and 
evaluation of the results require but one person. Thus 
it is seen that, aside from its greater accuracy, the 
integraph method saves much time in the solution of 
such problems. 
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Results 

The result curves of the Integraph solution of the 
rotor displacement of a synchronous motor driving a 
compressor are given in Fig. 8. An analysis of these 
curves is given in Table I, where a comparison is made 
with the results obtained by Mr. Stevenson. 

The initial object of the investigation was to check 
the integraph method with the best previous solution. 
In order to do this, the same problem which Mr. Ste- 
venson had solved was attacked; and Curve 1 in Fig. 8, 
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Fig. 8. Rotor Displacement Curves for a Synchronous Motor 
Driving a Compressor 


shows the results obtained when the same approxi- 
mations were used; viz., that T, is considered constant 
(the T, characteristic is assumed to be a straight line) 
and a Fourier Series four-harmonic equivalent curve 
is used instead of the true compressor torque curve. 
Mr. Stevenson’s results were believed accurate, as he 
had performed careful work on the problem. It 
was therefore gratifying to find that his results were 
approached very closely. A value of 11.5 electrical 
degrees, for example, was obtained for the maximum 
angle of oscillation of the rotor during the cycle, as 
compared with a value of 11.4 electrical degrees pre- 
viously obtained for the same angle. 

Satisfied with the accuracy of the work performed 
by the integraph, the next step was to determine the 
accuracy of the present method of solving the prob- 
lem, and to determine the erroneous effect of the 
assumptions made. The use of a Fourier Series equiv- 
alent for the compressor torque curve appeared to the 
writer to be the cause of the largest error, and a solu- 
tion was accordingly made, using the same data as 
for Curve 1, except that the actual compressor torque 
curve was used. The difference between this and the 
harmonic curve is quite appreciable as shown by Fig. 
2, especially in the region of the sharp peak at the 
40-deg. point. The result (Curve 2, Fig. 8) fully con- 
firmed this opinion. It is seen that the maximum 
amplitude of oscillation of the rotor has become 12.4 
deg., an increase of 7.8 per cent. This is an error which 
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is entirely eliminated in the integraph solution, for it 
is quite as easy to follow the actual torque curve as 
any other. It is interesting to note how the entire 
cycle is changed in Curve 2. The effect of the peak at 
40 deg. is particularly noticeable, for while in Curve 
1 the angle at 90 deg. is but 0.2 deg. greater than the 
rotor displacement at zero, on Curve 2 the angular 
lag is 2.1 deg. greater. 
TABLE I 
COMPARISON OF RESULTS 


INTEGRAPH RESULTS 


i Results Curve 1 Curve 2 Curve 3 
0 24.2 24.3 23.7 24.5 
15 23.9 23 23.8 24.1 
30 22.1 20.9 23.1 20.9 
45 20.4 19.9 21.0 20.5 
60 21.5 20.9 22.9 22.0 
75 23.2 23.9 25.1 24.3 
90 24.2 24.6 25.7 25.2 
105 22.6 23.2 23.4 23.4 
120 19.3 20.5 19.8 20.1 
135 16.7 18.2 17.3 17.8 
150 16.5 17.3 16.9 17.6 
165 17.7 18.8 17.4 18.3 
180 18.6 19.2 17.4 18.4 
195 17.4 17.7 16.3 17.1 
210 14.9 15.0 14.3 14.8 
225 13.1 13.2 13.4 13.6 
240 13.5 13.5 14.2 14.1 
255 15.5 15.4 15.9 15.7 
270 17.4 17.1 17.7 17.2 
285 17.7 17.5 18.4 (17.8 
300 16.8 17.2 17.9 17.3 
315 17.0 17.9 17.7 17.1 
330 19.1 20.4 19.5 19.1 
345 22.2 23.2 22.2 22.0 
360 24.2 24.3 23.7 24.5 
oe 
mplitude 
of Oscilla- 11.4 11.5 12.4 11.8 
tion 


It has been noted that the usual synchronizing 
torque characteristic of a synchronous motor prac- 
tically coincides with a sine curve drawn through the 
zero and full load points. (See Fig. 3). Usually this is 


neta Baas 

PTT TTT ee TTA 

SRR eR EERE Se 
25 50 75 


100 
Per cent of Synchronous Speed 


Fig. 9. Typical Damping Torque Characteristic of a 
Synchronous Motor 


assumed to be a straight line. In order to determine 
the magnitude of the error involved, Curve 3 was 


obtained under the same conditions as Curve 2, ex- 


cept that a sinusoidal synchronizing torque charac- 
teristic was used. Here again the difference is appre- 
ciable, as the maximum angle of oscillation is found 
to be 11.8, or a decrease of 5.1 per cent. 


STABILITY OF SYNCHRONOUS MOTORS UNDER VARIABLE-TORQUE LOADS 


It should be noted that the two assumptions usually 
made cause subtractive errors in this particular case, 
so that the total error is small; but it is quite possible 
that the two errors may be in the same direction, thus 
causing appreciable net errors in the result. 


Errors and Assumptions 

While the Integraph method of solution of the prob- 
lem of stability of synchronous machines under vari- 
able torque loads is thus seen to be obtained to a very 
high degree of accuracy, there are, nevertheless, cer- 
tain approximations made of the actual conditions 
existing in the motor. 

The basic equation used in the solution of the prob- 
lem, as previously stated, is 


dy dy 
E Ta — +T,y = f(t 
ge T di T y = f(t) 


P: 


P 


Fig. 10. Mechanical Analogy of Compressor Torque 


The moment of inertia may be found by test to as 
close a degree of accuracy as may be required, and 
thus the first term of the equation is accurate. 

The second term, however, is a deliberate approx- 
imation. It is here assumed (1) that the damping 
torque is proportional to the change in the angle 
between rotor and field per revolution or, as it is 
more commonly stated, proportional to the slip; and 
(2) that this proportionality factor is constant at 
different speeds. The latter assumption is incorrect, 
for it 1s well known that the damping torque charac- 
teristic is not a straight line, as may be seen from the 
typical damping torque characteristic shown in Fig. 9. 
However, since the variation in speed is very slight 
(usually not more than one per cent at normal loads) 
the damping torque characteristic for this variation 
is essentially a straight line. The other assumption 
viz., that damping torque is proportional to the accel- 
eration of the rotor with respect to the field, is of more 
consequence, and is in error, because the damping 
torque, being due to change in flux relative to the 
poles, varies not as the total angle of displacement, 
but as the angle of the flux with respect to the poles. 
A mechanical analogy will serve to make this clear. 
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Let us say that the compressor torque is repre- 
sented by P in Fig. 10, and acts on a spring (s) to 
which is attached a weight (W) corresponding to the 
moment of inertia of the rotor, flywheel, etc. Then 
Pı, the pull on the support, will represent the power 
taken from a constant-voltage source, where there 
exists no damping torque. 


P, 


A 


P 


The Mechanical Analogy of the Conditions Assumed 
in an Investigation of Compressor Torque 


Fig. 11. 


Now, if we put a dashpot (D) as shown in Fig. 11, 
in parallel with the spring, we will have a mechanical 
analogy to the conditions as we have assumed them. 

The actual state of affairs is more exactly demon- 
strated in Fig. 12, where the dashpot is in parallel with 
only a part of the spring, t.e., it is affected, not by the 
change in the total length of the spring, but by the 


Pi 


P 


Fig. 12. The Mechanical Analogy of the True Conditions 
of Compressor Torque in Any Given Installation 


change in length ab only. This is the part which corre- 
sponds to the angle of flux with respect to the centers 
of the poles, while the free part of the spring corre- 
sponds to the displacement between internal and ex- 
ternal voltages; and the entire spring corresponds 
to the displacement of the rotor relative to the ter- 
minal voltage. Thus, while the angle between internal 
and external voltages may be changed due to imped- 
ance drops in the armature, this may not change the 
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angle of the flux with respect to the poles, and there- 
fore will not be affected by the damping torque; the 
assumption made is that all changes in displacement 
between internal and external voltage will be affected 
by the damping torque. : 

In addition, the field current pulsation which 
accompanies any pulsation in load causes some change 
in the synchronizing torque. While this change is not 
large, it may partly be taken into consideration in 
the value for the damping torque. To do this, it is 
necessary to find the damping torque characteristic 
by test, the motor running as an induction motor, 
with the field short-circuited. If the damping torque 
characteristic can be found with pulsating load, it will 
then include the transient pulsations in the field. This 
is, however, a refinement that is hardly worth while. 

Another effect, which in the analogy is due to the 
fact that only a part of the spring is in parallel with 
the dashpot, is that if the frequency of oscillation is 
increased, the part ab would evidently become more 
and more inactive, leaving most of the pulsation to 
be taken up by the free part of the spring. This would 
cause a greater strain per unit length of the spring. 
In a similar way, if the frequency of oscillation of a 
motor be increased, the slope of the synchronizing 
torque may be increased from its steady-state value. 

Synchronizing power, P,, is the rate at which power 
input to synchronous machine varies with changes in 
angular displacement. The angular displacement 
referred to is not that which actually exists be- 
tween the rotor and the rotating electrical field, but 
rather that which exists between the rotor and some 
imaginary field corresponding in phase to the terminal 
voltage. 

Ordinarily P, is referred to as a constant; as a mat- 
ter of fact, P, is constant only for a given set of 
operating conditions; t.e., for given load, excitation, 
and frequency of pulsation of the load. 

The heavy straight line ab in Fig. 13 shows the syn- 
chronizing torque as it is commonly assumed to be. 
The full curved line a c e showsthe actual synchronizing 
torque for slowly changing loads. At full load, then, 
the change of synchronizing power with change in load 
is given by the tangent at that point, df. This is true 
only for slowly changing loads, however. For sudden 
changes in load, such as are met with in compressors, 
the change in power for any change in angular dis- 
placement will be given by the dotted line km. This 
change in slope may be explained as follows: 

Consider a synchronous motor, operating normally 
at full load, upon which there is suddenly imposed 
a heavy load. The armature current will at once in- 
crease, occasioning as suddenly an increase in arma- 
ture reaction which tends to distort the field flux. 
The field will not permit the flux to be thus changed 
suddenly, however, so the field current in turn will 
suddenly increase, but reassumes its previous value 
along a logarithmic curve. If the armature current 
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continually pulsates, therefore, the field current will 
continue to oscillate, instead of remaining constant 
as is usually assumed. It is this pulsating action of 
the field which tends to change the slope of the syn- 
chronizing torque to that shown by the dotted line 
km. This description is only qualitative; a mathe- 
matical treatment of the effect of induced field pulsa- 
tion upon the synchronizing torque has already been 
capably treated elsewhere. ® 

That the synchronizing torque varies also with the 
frequency of the pulsation of the load is shown in the 
treatment of the mechanical analogy appearing earlier 
in this article. 


Power or Torque 


a 


Angular Displacement 


Fig. 13. The Relation of Synchronous Torques to Angular 
Displacement Under Conditions Ordinarily Assumed 
for Compressor Calculations 


While synchronizing power and synchronizing 
torque have been used interchangeably in the above 
presentation they are of course different quantities, 
their relation being given by 


T= 3520 PsP yg 
N 


This treatment of the synchronizing torque is given 
as an aid in understanding its action and the effect 
of sudden changes in shaft torque upon it. The true 
synchronizing torque, once found, may be plotted » 
and used in the integraph solution; but for ordinary 
cases, where the average load on the motor 1s some- 
where near its rated load, it is sufficiently correct to 
findthesynchronizing power at full load. This is always 
done by the manufacturer, and the constant Po is thus 
obtained. From a study of the synchronous torque 
characteristics of synchronous motors, it appears that 
the characterics almost exactly coincide with the sine 
function, between the region of no load and full load 
as shown in Fig. 3. Therefore, for most ordinary cases 
it is sufficiently exact, without making additional 
tests, to draw a sine curve through the two known 


O) Synchronizing Power in Synchronous Machines Under Steady and 
Transient Conditions,” by H. V. Putnam, Journal of A.1.E.E., December, 
1926, p. 1229. s 
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points—zero and full load—and to use this as the syn- 
chronizing torque characteristic. While it is true that 
this does not take into account the surges in the field 
due to sudden changes in load, this can very easily be 
taken into account in the evaluation of damping 
torque, as previously outlined. 

As to the final term in the equation, f(t), it is seen 
that there is an appreciable error involved when the 
harmonic analysis equivalent is substituted for the 
actual torque curve. The curves in Fig. 2 show the 
difference between the actual torque curve and that 
obtained by the first four harmonics of a Fourier 
Series analysis of the actual curve. The integraph 
solution can always be based upon the actual torque 
curve, which 1s obtained much more easilyand directly, 
and, of course, gives the more accurate results. 

It should be noted here that practically all solutions 
attempted so far, with the exception of the labor- 
ious method pursued by A. R. Stevenson, Jr., have 
necessitated a Fourier Series analysis of the true con- 
pressor torque characteristic. This means a lot of 
extra work, and also requires a separate solution for 
each harmonic evaluated. Moreover, the resulting 
curves given in Fig. 8 definitely show that, even with 
the use of four harmonics of an ordinary compressor 
torque curve, the results obtained are quite different 
in the case of the equivalent curve from those obtained 
with the use of the actual compressor torque curve. 

Some of the other assumptions made in this method, 
in calculating the power puslations are: 

(1) Armature losses are neglected. 

(2) The displacement is assumed proportional to 
the torque under steady conditions over the 
range considered. 

(3) The direct magnetizing and demagnetizing 
effects of the current induced in the field wind- 
ing are not taken into account. l 

An additional slight discrepancy enters in view of 
the fact that, with regard to the compressor crank 
effort, the speed of the shaft is assumed synchronous 
at all times, when asa matter of fact the instanta- 
neous speed, as has been previously explained, may 
differ from synchronous speed by one or two per 
cent, although the average speed is of course equal 
to the synchronous speed. 


Conclusions 
The comments accompanying the results given in 
this article should indicate that the work presented 
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here is merely suggestive of the possible intensive 
study of this type of problem which is so much simpli- 
fied by the use of the integraph. 

Unfortunately, limited time did not permit carry- 
ing this work further, but a brief outline of the next 
steps which might be pursued will indicate the trend 
of the work which will probably be done in the near 
future under the supervision of Dr. Bush at Massa- 
chusetts Institute of Technology. 

It is a very simple matter to change the calculations 
to apply to a flywheel of 80, 90, 110, or 120 per cent 
of the actual flywheel effect. Carrying through the 
solutions for such cases, it would be a simple matter 
to estimate the value of flywheel effect in limiting 
instability. 

Again, the value of 7, might be changed by the 
same percentage, and thus not only would the effect 
of change in damping torque be evaluated, but also 
the relative value of increase in flywheel effect, or 
change in design so as to change the damping torque, 
would be known. 

Another investigation of interest would be to de- 
termine the relative instability at different loads, so 
that the effect of an increase in load might be pre- 
determined. For example, the stability of a typical 
five-step compressor installation at 0, 25, 50, 75, and 
100 per cent full load might have been determined; 
but since only lack of time prevented the solution of 
this problem, it will probably be carried through 
as a later development. | 

With an exhaustive study of the problem of the 
stability of synchronous motors at variable torque 
loads so easily available, it may be that the integraph 
will provide a valuable source of data for the design 
of motors for this purpose. Since the results of any 
change can be predetermined, it becomes only a matter 
of determining the weight of loss in efficiency on one 
hand as against the increase in stability on the other, 
in order to arrive at the best design. 

Thus the recording product integraph has shown 
its usefulness in one special field of electrical engineer- 
ing, and it will doubtless become increasingly helpful 
in many other problems which have heretofore been 
solved only approximately, or not at all. 

The author acknowledges the aid and co-operation 
extended to him by A. R. Stevenson, Jr., of the Gen- 
eral Electric Company; and by F. G. Kear, then 
research assistant in the Electrical Engineering De- 
partment at Massachusetts Institute of Technology. 
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Correcting Power-factor with Capacitors on the Distribution 
Feeders of the Gray’s Harbor Railway & Light Company . 


Feeder Capacitors Chosen in Preference to Synchronous Condensers—Operating Power-factor Greatly 
Improved—Installation Also Saves Energy, Increases System Capacity, and Improves 
Service—Investment and Operating Costs—Tests 


By WILLIAM S. HILL 
General Superintendent, Gray’s Harbor Railway & Light Company 
Aberdeen, Washington 


OST power companies 
M serving an industrial load 

are confronted with a 
low-power-factor situation. 
This condition is relieved to some 
extent in certain instances by the 
company imposing a penalty, or 
we might say giving a better rate 
to the consumer who maintains 
his power-factor above a certain 
minimum level. Low power-factor 
can be corrected or compensated 
for in several ways as follows: 
by selection of the proper kind 
and size of motors for the drives; 
by installation of capacitor or 
static condenser units to the indi- 
vidual motors where the character of load will not 
permit the obtaining of high power-factor; by use of 
capacitor units or synchronous condensers at the 
power station or substations; or the installation of 
capacitor units out on the feeder lines or on the 
secondary side of transformer banks of fairly large 
power consumers, etc. 

The proper selection of motor is meant of course to 
include the synchronous motor where applicable. In 
recent years, synchronous motors have been designed 
to serve in lumber mills where heretofore only induc- 
tion motors were applicable. The low-power-factor 
difficulties of the Gray’s Harbor Railway & Light 
Company, however, could not be corrected by the 
substitution of synchronous motor drives in the vari- 
ous industrial plants. The owners had purchased other 
kinds of motors in years gone by and would be 
reluctant to go to the expense of changing over to syn- 
chronous motors to relieve a condition which appar- 
ently was not bothering them. We had to find a solu- 
tion to the problem which existed on our system as 
a whole. Therefore the remarks contained herein are 
peculiarly pertinent to our own operating conditions, 
but they undoubtedly apply in a large degree to other 
systems as well. 

At times there arises the question as to whether 
the consumer should be penalized for low power- 
factor. The enforcement of such a penalty might 
cause him to discontinue service, although a live 
power salesman can give him sufficient reasons to 


power-factor 


To remove the cause of low 
1s admittedly the 


ideal answer to this troublesome 
problem of operation. To impose 
a penalty on the consumers who 
are responsible for the condition 
is effective only as a disciplinary 


measure. To neutralize the cause 
is in many cases the most prac- 
tical solution, one example of 
which is here described by Mr. 
Hill as he presented it to the 
Seattle Section of the A.JI.E.E. 
last February.—EDITOR 


take advantage of the oppor- 
tunity to improve the voltage, 
lighten the load on his wiring, 
reduce the cost of wiring (pos- 
sibly changing of service outlets), 
increase the speed of his motor 
equipment, and as a result in- 
crease the output of the plant. 
On the other hand, when low 
power-factor is general over the 
entire system, it 1s advantageous 
to the power company to make 
an investment at its own expense. 
After studying out conditions we 
came to the conclusion that in 
the saving in generator, exciter, 
and line losses, the lower excita- 
tion required, with resulting increased capacity in 
generators, lines, transformer banks, etc., we had 
sufficient reasons to justify the capital expenditures 
necessary to effect the correction. 

The Gray’s Harbor Railway & Light Company, 
serving Aberdeen, Hoquiam, Cosmopolis, and sur- 
rounding territory in Gray's Harbor County, serves 
a considerable industrial load having a daily load 
factor of 65 per cent. A large proportion of the load 
consists of lumber mills and the allied industries. 
These mills cut fir, hemlock, spruce, cedar, etc., and 
in order to handle the heaviest load with comparative 
ease they select a motor which is in excess of the re- 
quirements for normal operation. Induction motors 
seem to be peculiarly adapted to this particular kind 
of work and their application under these conditions 
naturally results in low power-factor. Tests at the 
mills indicate a power-factor from 45 to 60 per cent. 
Our system is heavily encumbered with this kind of 
load. All of our three-phase four-wire 4150-volt 
feeders are equipped with three single-phase regula- 
tors, and in general supply lighting as well as power 
service, there being no exclusive power feeders. These 
feeders are all of 4/0 and 2/0 copper and radiate 
directly from our Electric Park plant over distances 
of 214 to 6 miles to the load centers. 

A 5000-kw. turbine generator was installed at the 
Electric Park station in 1925 and became very heavily 
loaded in the fall of 1926 owing to greatly increased 
load and to a decrease in power-factor. The pointer 
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on the power-factor indicating meter on the gener- 
ator panel seemed to be stuck at 60 per cent (the 
lowest reading), for it never moved away from that 
point. Our exciter became overloaded, and we carried 
as high as 1200 amp. on the generator which has a 
full-load rating of 868 amp. at 80 per cent power- 
factor. Something had to be done. A study of the 
application of synchronous condensers and capacitors 
was made. A number of factors entered into the 
choice of each of these two types of equipment. Our 
calculations were based on 2000 kv-a. as the capacity 
necessary to bring the existing power-factor up to 80 
per cent. With respect to first cost the synchronous 
condenser had the advantage, with a cost of approx- 
imately $5.00 per kv-a. as compared to $17.00 per 
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Fig. 1. Curve of Wattless Kv-a. for Any Power-factor 
in Per Cent of Kw-load 


kv-a. for capacitors. Based on 2000 kv-a., the total 
first costs would be $10,000 for the synchronous con- 
denser and $34,000 for the capacitors, or $24,000 in 
favor of the former. However, in our particular case, 
the installation of a synchronous condenser would 
require an addition to our present power-house build- 
ing which would tend to offset the advantage just 
mentioned. 

From the point of view of internal losses, the 
capacitor with losses of one quarter of one per cent is 
vastly superior to the synchronous condenser with 
losses of 3 to 4 per cent. Using 2000 kv-a. as a basis, 
the losses are 5 kw. and 78 kw. respectively, and for 
24-hr. operation of the corrective equipment the 
annual losses would be 43,800 kw-hr. and 683,280 
kw-hr. The difference, 639,480 kw-hr., 1f valued at 
5 mills per kw-hr. would give an annual saving of 
$3,197 in favor of the capacitors. 

Later in this article it will be shown that we have 
made an estimated saving of 500,000 kw-hr. annually 
in feeder line losses by installing capacitors, which 
saving could not be made by the synchronous con- 
denser. If we value these kw-hr. also at 5 mills, which 
is exceedingly conservative for power at the con- 
sumer’s premises, we have an additional saving of 
$2,500 in favor of the capacitors as compared to the 
synchronous condenser. The total annual saving 
would then amount to $5,697. This amount capital- 
ized at 15 per cent is $38,000. In other words, based 
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on savings in internal losses and line losses, we could 
afford to pay $38,000 more for the capacitors than 
for the synchronous condenser, whereas the differ- 
ence in price as given in the foregoing was only 
$24,000. We therefore discarded the idea of utilizing 
a synchronous condenser. We also felt that capacitors 
located out on the lines would increase the capacity 
of the feeders in addition to lowering the load on the 
generator. A series of checks were made at industrial 
plants and we found that the power-factor averaged 
from 45 to 60 per cent. We finally decided to install 
six 300-kv-a. capacitor units, four of them rated 440 
volts to be installed on the secondary side of the in- 
dustrial transformer banks, and two rated at 4000 
volts to be installed directly on 4000-volt feeder 
circuits where this corrective influence would be felt 
back to the power station. These latter two circuits 
have a great many small power installations scattered 
throughout their length. 

We have been able to maintain a better voltage on 
the feeders since the higher power-factor on these 
circuits has increased the range of our regulators. 
We saved the installation of larger transformer banks 
for two consumers after the 440-volt capacitors were 
installed. We had to lower the taps on a bank of trans- 
formers in order to prevent excessive voltage on the 
motors in one industrial plant. This of course has in- 
creased the consumer’s bill somewhat, but he has 
been compensated by securing a greater output as a 
result of the high voltage being maintained on his 
motors. | 

The installation of the capacitors is quite an easy 
matter. They can be placed on suitable racks on the 
poles or in a mill yard at a very reasonable cost. Our 
installation costs covered the pole racks, the raising 
of the steel racks and outdoor casings, the assem- 
bling and connecting up of the 5-kv-a. units which 
compose the completed 300-kv-a. capacitor, and 
also connections to the primary or secondary lines. 
Slightly more time was required for connecting 
up for 440-volt service because of the heavier wire 
used. 

A typical 4150-volt installation on poles is shown 
as the cover illustration of this issue. As will be 
noted, the installation is very simple and neat in 
appearance. 

In Fig. 2 is shown a typical installation of a 440- 
volt capacitor unit where space was found on the 
heavy timbers under the pole rack near the trans- 
formers in an industrial-plant yard. (A fence has 
since been constructed around this capacitor.) 

The capacitors were installed and connected by 
September 30, 1927. Whereas in the fall of 1926 we 
were laborously carrying our load and were at times 
on the verge of losing some of it, in the fall of 1927 we 
carried an average of 1300 kw. additional load on this 
generator. We actually did carry 1600 kw. more on 
this generator during peak hours. 
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In order to make a comparison we selected a 
typical day in 1926 and the same day of the same 
week in 1927. This comparison may not give a true 
picture of actual conditions since we have steam 
turbines in two saw mills connected to the Electric 
Park plant through 13,200-volt lines and they may 
or may not have been absorbing more or less watt- 
less kv-a. on one day or the other. However, a 
check of readings and operating conditions over 


a considerable period indicates that the tabulated . 


values very closely represent the average condi- 
tions and are sufficiently accurate to illustrate the 
point in question. The readings were taken from 
our station log and are typical because no effort was 
made to school the operator to be quite accurate for 
the purpose of the test. Table I shows the conditions 
before and after the installation of the 1800 kv-a. of 
capacitors and the effect on the exciter and generator. 


TABLE I 
5 5 ea Indicat- Be 
Cc. -C. : ing -f. 
Date Volts Amp. | Per Ter-| Watt- | Kv¥-@ | per Cent 
minal meter 


neem cl ee ee ey 


335 845 | 3900 | 6060 64.4 
289 667 | 3930 | 4780 82.1 


11/23/26 | 108.1 
11/22/27 85.8 


GENERATOR RATING 


5000 eu 3 a allt 60 cycle, 4150 volts, 868 amp. per termi- 
nal, 6 -a. at 80 per cent p-f. 

ae voltage at full-load 80 per cent p-f., 96 volts. 

Field current voltage at full load 80 per cent p-f., 330 amp. 


These readings are the average of 16 hr. run on 
these two days, so for our purposes will represent 
fairly accurately the changed conditions and admit 
of our setting up some calculations which will show 
more clearly the actual results obtained. The calcu- 
lations are also based on 16 hr. since our normal 
practice has been to shut down our plant at midnight 
and allow the load to be carried until 7 a.m. by some 
of our other turbines which are located in two saw- 
mills. It will be observed that the field volts and 
amperes in 1926 with a kw. load of 3900 are in excess 
of those prescribed in the rating of the generator for 
full-load conditions, and that the kv-a. load on the 
generator was fairly close to maximum 80 per cent 
power-factor conditions when we had a power-factor 
of 64 per cent. Likewise the field volts and amperes, 
amperes per terminal of the generator in 1927 with a 
kw. load of 3930 are well below those prescribed for 
normal rating and permit an additional load to be 
carried. By calculating the amount of energy re- 
quired for excitation in 1927 and comparing with that 
in 1926, from the average readings as shown, using 
as a basis 16 hours’ operation per day and 300 days 
per year, we find that 54,800 kw-hr. are saved. 

The values in this table have been plotted as a 
vector diagram in Fig. 3 which may give a clearer 
picture of the results obtained. It will be observed that 
under the original conditions with an energy load of 
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3930 kw:, the original kv-a. was 6060 with 4620 lag- 
ging reactive kv-a. at 64.4 per cent p-f.; whereas the 
final kv-a. with an energy load of 3930 kw. was 4780 
while we had only 2720 lagging reactive kv-a. at 82.1 
per cent p-f. showing 1900 kv-a. corrective. Since we 
had installed 1800 kv-a. of corrective equipment, 
the calculations are reasonably accurate when con- 
sidering that they were based on normal hourly read- 
ings by the station operator. Also, it must be remem- 
bered that the amount of corrective kv-a. which the 
capacitors furnish to the system varies directly as 
the square of the voltage applied, and, therefore, 
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Fig. 2. Typical Installation of 440-volt 300-kv-a. Capacitor Unit 
Connected to the Secondary Side of a Transformer Bank 


while the nominal rating of the capacitors installed 
is 1800 kv-a., the corrective kv-a. may vary consid- 
erably depending upon the voltage at the capacitors. 

In calculating the PR loss in the 5000-kw. gener- 
ator, using the average figures in Table I and the re- 
sistance of the generator as furnished by the manu- 
facturer, we find the losses to be 36.629 kw. in 1926 
as compared with 22.822 kw. in 1927, or a saving of 
13.807 kw. On a basis of 16 hours’ operation and 300 
days a year, this saving amounts to 66,283 kw-hr. 
In calculating the PR loss in the exciter under the 
same conditions, we find the loss in 1926 to be 3.456 
kw. and that in 1927 as 2.726 kw., or a saving of 0.730 
kw. On the same basis of operation this amounts to 
3,504 kw-hr. per year. The losses of the motor on 
this exciter were not taken into consideration. 

Calculations of the five feeders to which these 
capacitors are connected, from observations of the 
current readings of the station recording instruments 
with and without the capacitors on the line, indicate 
a saving in I?R loss of 500,000 kw-hr. per year. 

A summary of the total savings is given in Table II. 


TABLE II 
5000-kw. Generator I?R loss............... 66,003 kw-hr. 
50 kw. Exciter I?R loss..... ee iis aes Sy as Baa 3,004 
Decrease in excitation.................0-. 54,801 ‘“ 
Dine lOSSOS cc 2.848 en a eth ae eaten ak 500,000 “ 


624,588 “ 


CORRECTING POWER-FACTOR WITH CAPACITORS ON DISTRIBUTION FEEDERS 


Assuming a cost of $0.005 per kw-hr. at the busbars, 
this saving amounts to $3123. Since most of this 
saving results from a reduction in line losses, the unit 
cost of $0.005 per kw-hr. assumed is exceedingly con- 
servative. The cost of the capacitors and the instal- 
lation did not exceed $31,500. The savings in kw-hr. 
referred to in Table II represent a return of 10.1 per 
cent on the investment. We have not considered the 
saving in capital account necessary to increase the 
size of two of the industrial power transformer banks, 
and undoubtedly have not enumerated all of the 
other savings which have been obtained. Further- 
more, we have been carrying on this generator an in- 
creased average load of 1300 kw. which might be said 
to have been reclaimed by the expenditure of $31,500, 


1900 kv-a. | 
Corrective | 


4620 Lagging 
Reactive kv-a. 


| Original 


2720 Lagging | 
Reactive kv-a. 
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Fig. 3. Vector Diagram of Original and Final Kv-a. with 
Energy Load, Showing 64.4 Per Cent Power-factor 
Improved to 82.1 Per Cent 


Energy Load 3930 kw. 


or $24.25 per kw. of capacity. Obtaining real station 
capacity at a cost of $24.25 per kw. is very attractive, 
For peak loads of several hours’ duration we have 
carried 5100 kw. on this generator as compared to 
3500 kw. the year before, or a net increase of 1600 
kw. in capacity. On this basis the increased capacity 
cost $19.70 per kw. 

From another angle, the saving of $3125 represents 
15 per cent on an investment of $20,800. Subtracting 
this amount from $31,500, the cost of the capacitors, 
we find that $10,700 of investment is not covered. 
We might say we have received 1300 kw. added gener- 
ating capacity as well as the added feeder, trans- 
former, and regulator capacity for this $10,700, or 
at a cost of $8.23 per kw., which is a most attractive 
figure. This undoubtedly is the best method of arriv- 
ing at the ultimate capital investment required for 
this installation. 

While it is true theoretically that we have added 
only to the electrical generating capacity of our 
equipment, still it must be admitted that since no 
more load could be placed on the generator the so- 
called excess boiler and turbine capacity was tied up 
and could not be released until we were in a position 
to handle more electrical load. If another turbine 


369 


generator were available, it would have been possible 
to carry the added load on it. In reality, then, we 
actually released 1300 kw. of capacity in steam and 
electrical equipment which had been tied up by the 
low-power-factor condition. 

It might be well to state that all of our energy is 
generated by steam and certain of the savings 
effected by our installation would be of relatively 
less importance on a hydroelectric system where 
plenty of water was available at all times. However 
where stored water is of importance, these savings 
would have much the same value as on our system. 

As we stated previously, we made checks of the 
power-factor on the several 4150-volt feeders and fol- 
lowed them by tests at the consumers’ premises on 
these feeders. From these data we were enabled to 
select the locations of the worst conditions and de- 
termined definitely the size of capacitors to be pur- 
chased and installed there. 

After they were all in operation, a series of tests 
were made on each feeder at the power station with 
recording ammeter, and power-factor and recording 
wattmeter charts. Unfortunately, the graphic watt- 
meter was not received in an operating condition at 
the factory and a calibration curve could not be ob- 
tained for the charts obtained. However, we arranged 
to secure charts which show the effect on power- 
factor and amperes per phase with and without the 
capacitors on the line. | 

Fig. 4 shows the results obtained on feeder No. 3, 
where we have a 300-kv-a. capacitor connected 
directly to the 4150-volt lines. This illustration shows 


a reduction of 30 amp. per phase and an increase in 


power-factor from 70 to 95 per cent, taking the low- 
est check readings of the indicating power-factor 
meter, or a reduction of 215 kv-a. lagging reactive 
load on this feeder. The amount of reduction in 
lagging reactive load seems smaller than it should 
be, but this particular feeder servies a fluctuating saw- 
mill load which undoubtedly accounts for any appar- 
ent discrepancy especially when taking readings 
over such a short period as a half hour. 

Fig. 5 shows the results obtained on feeder No. 5 
which covers a portion of the business district in 
Hoquiam but which also has considerable power load. 
A 300-kv-a. capacitor is connected to the 440-volt 
side of a bank of transformers where we were on the 
verge of increasing the capacity of the transformer 
bank because of excessive kv-a. load. The charts 
indicate a reduction of 30 amp. per phase and an 
increase in power-factor from 82 to 97 per cent, where 
again we take the lowest check readings of the indi- 
cating power-factor meter. This capacitor was cut 
out on a dark and cloudy day for only 15 minutes and 
the results shown are not as large as we would obtain 
on a clear day when a considerable number of the 
business houses would not have their stores fully 
lighted (high power-factor load). This illustration 
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Fig. 4. Current and Power-factor Test with and without 
300-kv-a. 4150-volt Capacitor on Feeder Serving 
a Fluctuating Sawmill Load 
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Fig. 6. Test with and without a 300-kv-a. 440-volt Capacitor on a 
Lightly Loaded Feeder 
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Fig. 5. Test Showing Reduction in Current and Improvement 
Power-factor by a 300-kv-a. 440-volt Capacitor on a 
Combined Light and Power Feeder 
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Fig. 7. Test on a Feeder Furnishing the Complete Power 
Requirements of a Sawmill 
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CORRECTING POWER-FACTOR WITH CAPACITORS ON DISTRIBUTION FEEDERS 


indicates a corresponding reduction of approximately 
215 lagging reactive kv-a. on this feeder. 

In Fig. 6 are shown the corresponding conditions 
for the long 4/0 feeder where the capacitor was in- 
stalled on the 440-volt side of a consumer’s bank of 
transformers. This feeder is rather lightly loaded. 
The reduction in amperes per phase was about 32 
and the power-factor was increased from about 68 
per cent lagging to better than 90 per cent leading. 
No serious consequence resulted from this change 
except high voltage on the power secondaries, which 
was afterward lowered by changing the taps on the 
consumer’s transformers. This capacitor likewise cor- 
rected for approximately 220 lagging reactive kv-a. 

The charts in Fig. 7 were taken on a feeder from 
which we supply the complete power requirements of 
a sawmill. The 300-kv-a. capacitor is located on the 
440-volt side of the transformer bank. The amperes 
were reduced by over 60 with a correction in lagging 
reactive kv-a. load of 430. The power-factor was 
changed from an average of about 70 to 92 per cent. 
This of course materially reduced the bad condition 
on this feeder since on part of its route the circuit is 
through a cable under the Chehalis River, and the 
reduction of 60 amp. in 175 materially reduced the 
load on this cable. This reduction in amperes likewise 
reduced the load on the feeder voltage regulators to 
such an extent as to place them within operating 
range again and remove them from the maximum 
boost position. In installing capacitors on unregulated 
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feeders, care should be taken to avoid the pos- 
sibility of increasing the voltage to such an extent 
that, when the major portion of the load goes off, it 
will burn out the lamps of the few people who might 
be using the service during these hours. In our 
case, no danger of this character arose because we 
have automatic feeder voltage regulators on every 
feeder. 

Summarizing, we have made kw-hr. savings amount- 
ing to a return of 10.1 per cent on the total invest- 
ment, increased the peak capacity of our generator 
by 1600 kw. (or 45.7 per cent over conditions pre- 
vailing a year ago), increased the capacity of all of 
the feeders on which the capacitors are installed, as 
well as relieved the load on our feeder voltage regu- 
lators (with the result of increased range of the regu- 
lators), and increased the voltage to the consumer 
which means higher bills with a more satisfied con- 
sumer due to the better operating conditions result- 
ing in increased output. Also, it is usually considered 
that the consumer should correct his own power- 
factor and be given a bonus for so doing or else be 
penalized for not doing so; but ours is an excellent 
example of the profit to be gained by the Central 
Station in making this correction on the consumer’s 
premises. The figures used in calculating corrected 
lagging reactive kv-a. and the unit cost of $0.005 per 
kw-hr. for energy saved in line losses are certainly 
conservative but at the same time show sufficient 
justification for the installation. 


Landmarks of Two Ages 


The Santa Cristina Church, Built During the Seventh Century, and a Section of the 30,000-volt 50-cycle 3-phase Transmission 
Line of the Spanish Northern Railway Along Its Tortuous Route Between the Cobertoria and Pajares Substations 
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New Three-power Locomotive 


NEW battery-oil-electric locomotive, carrying 

its own power plant and the first of its kind 

ever built, was recently tested in New York 
by the New York Central Railroad for which it was 
constructed to serve in freight yards that are not 
completely electrified and where part of the time it 
is required to operate through city streets. 

As this new locomotive will also be called upon to 
operate at times over tracks which are electrified, 
third-rail shoes and an overhead collector have been 
included. These permit the operation of the traction 
motors from external sources of supply when in elec- 
trified districts. 


NEW YORK 
CENTRAI 


the battery as soon as the load has decreased. The 
battery supplies the surges of power required in switch- 
ing, when the locomotive must respond quickly. 

The locomotive is 46 ft. 8 in. long over the couplers 
and is of the swivel-truck type with a cab in three 
sections, the batteries being carried in the end sec- 
tions and the oil engine in the central section. The 
batteries are arranged in tiers. The central section of 
the cab, in addition to housing the power plant and 
control apparatus, has two operating compartments 
for the engineman. Each operating compartment is 
directly accessible from the outside and gives access 
to the power plant. 
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The New Battery-oil-electric Locomotive 


The new locomotive, which has a service weight 
of 128 tons, is a product of designs by the New York 
Central’s electrical engineering department working 
in combination with the General Electric Company, 
the Ingersoll-Rand Company, and the Electric Storage 
Battery Company, and was built by the American 
Locomotive Company. 

When the locomotive is operating in the non- 
electrified sections, the power is furnished by an 
Exide storage battery of 218 cells weighing 17 tons, 
one of the. largest batteries ever used for locomotive 
service. The battery is charged by a 300-hp. Ingersoll- 
Rand oil engine that is governor controlled for 
constant speed operation and is connected directly 
to a 200-kw. General-Electric generator. This gener- 
ator is so designed that, if it is operated at the same 
time that power is being supplied to the traction 
motors, it will divide the load with the storage bat- 
tery in periods of heavy output without overloading 
the engine and will return automatically to charging 


In the roof of the central compartment, directly 
above the oil engine, is a hatch to permit the removal 
of the engine if necessary. The.locomotive is equipped 
with four General-Electric 600-volt single-geared 
traction motors each of 415 hp. The control is non- 
automatic, with individual electro-pneumatically oper- 
ated contactors, and the locomotive may be operated 
from either end. . 

There are four available methods of operation: 
from the storage batteries alone; from the storage 
batteries and engine-generator together; from the 
third rail; and from the overhead collector. As 
the change-over from external to internal power 
supply, or vice versa, occurs automatically, indi- 
cating lights are provided in the enginemen’s cab to 
show under which condition of operation the equip- 
ment is running. 

Fuel tanks having a storage capacity of 200 gal. 
of oil are provided. These are sufficient to operate the 
engine at full load for about ten hours. . 


ee —— 


373 


The Photo-electric Cell 


By DR. L. R. KOLLER 
Research Laboratory, General Electric Company 


HE photo-electric cell is a 
vacuum-tube device by 
means of which light can 
be made to control the flow of an 
electric current. It finds many 
applications in industry, both in 
recording changes in light in- 
tensity and in control work. 

The underlying principle of the 
cell was first made clear by 
Hallwachs in 1888, following some 
observations made by Horz a 
year earlier. Hallwachs found 
that if he charged a zinc plate to 
a negative potential (by connect- 
ing it to the negative terminal of a battery) and then 
exposed it to ultra-violet light, it gradually lost its 
charge; but it did not lose its charge when so exposed 


ohh 


Elementary Diagram of Photo-electric Cell 
and Its Electrical Connections 


Fig. 1. 


after being raised to a positive potential. Since the 
time of Hallwachs this phenomenon has been thor- 
oughly investigated, and it has been found that the 
metals and many other substances as well exhibit it 
to a greater or lesser degree. 

In terms of present-day physics, this phenomenon 
observed by Hallwachs is explained by saying that 
light energy is absorbed by the photo-sensitive surface 


In our February issue the 
author described the application 
of the photo-electric cell to record- 
ing the ever-varying intensity of 
daylight. This applications one of 
the latest additions to the field of 


usefulness of the cell. The possi- 
bilities of other services are indeed 
fascinating, and a wide-spread 
knowledge of the characteristics 
of the cell will materially assist 
tn their discovery. EDITOR 


and photo electrons are emitted. 
If the plate is charged negatively, 
these are enabled to escape from 
the surface. 

The photo-electric cell is repre- 
sented schematically in Fig. 1. 
Two electrodes, insulated from 
each other, are sealed in a well- 
evacuated glass bulb. The elec- 
trode a is of any suitable shape, 
usually a wire or a grid, and ofa 
metal such as nickel. The other 
electrode c is made of some photo- 
sensitive material, such as the 
zinc of Hallwachs’ experiments. 
The electrode a (called the anode) is connected to 
the positive terminal of a battery, and c (called the 
cathode) is connected to the negative. If no light is 
permitted to reach the bulb, no current can flow 
across the evacuated space. If, however, light is 
allowed to fall upon the cathode, it will cause the 
emission of electrons (photo electrons) from c, which 
will be drawn over to a due to its positive potential, 
and so a small current will flow in the circuit. 

This type of cell is radically different from its 
forerunner, the selenium cell, which depends for its 
action on the fact that a thin layer of the element 
selenium undergoes marked changes in electrical 
resistance when the intensity of the light falling upon 
it 1s varied. 

A common form of photo-electric cell is shown in 
section in Fig. 2. Instead of using a metal plate for the 
cathode or sensitive surface, the whole inside of the 
bulb wall, with the exception of a small opening for 
thé entrance of the light, is covered with one of the 
alkali metals which happen to be particularly sensi- 
tive. Contact is made with this surface by a flush 
seal, shown at the left in Fig. 2. 

In the most recent forms, the inside of the bulb 
wall is first silvered and the alkali metal then deposited 
on this silver surface. 

A small amount of one of the inert gases, such as 
helium or argon, is sometimes introduced into the 
cell. The effect of this gas is to give an internal 
amplification. Some of the photo electrons which 
pass from the cathode to the anode will happen to 
collide with gas molecules, and in some instances the 
molecules will be ionized; t.e., each will be broken up 
into a positive ion and an electron. The electron will 
continue towards the anode together with the original 
electron, and the positive ion will be drawn to the 
cathode. Thus in place of the original electron we 
now have two electrons travelling towards the anode 
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and one positive ion travelling towards the cathode; 
three charges in place of one. The result will be a 
three-fold multiplication of the current. The internal 
amplification that can be obtained in this way depends 
upon the kind of gas used, the pressure, the construc- 
tion of the cell, and the voltage applied between 
electrodes. 


Fig. 2. Representation of the Cross-section of a Photo-electric Cell. 
The electrode in the center is the anode, the cathode is the coating 
on the interior of the wall to which electrical connection is made 
through the seal at the left, and at the right is the clear 
“window’’ to permit the entrance of light 


The particular value of the photo-electric cell lies 
in the fact that the current which passes through it 
is directly proportional to the light flux falling upon 
it, so that the cell can be used as an accurate means 
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Fig. 3. Relative Sensitivity of the Photo-electric Cell to 
Lights of Different Color but of Equal Energy 


of measuring quantity, or changes in quantity, of 
light. This remarkable fact is connected with the 
quantum theory of the nature of light. Light energy is 
not continuous and cannot be indefinitely subdivided, 
but exists in units of definite size called quanta. A 
quantum is the smallest possible unit of energy, just 
as an atom is the smallest particle of matter. Each 
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quantum that is absorbed by the photo-sensitive 
surface causes the liberation of one electron. The 
mechanism of this exchange is by no means clearly 
understood, but the correctness of the fact is well 
established. The speed with which the electron leaves 
the surface of the metal depends upon the frequency 
of the light, according to a relation first expressed by 
Einstein in 1905. The higher the frequency (1.e., the 
shorter the wavelength) of the incident light, the 
greater will be the velocity of the escaping electron. 
The velocities of the photo electrons, however, are 
small; and for most practical purposes need not be 
taken into consideration. 

The statement that the current through a photo- 
electric cell is proportional to the quantity of light 
which falls upon it requires some modification, for 
photo-electrically'active substances are not equally 
sensitive to all wavelengths, t.e., to all colors of light. 
Take for example the case of potassium shown in 
Fig. 3.“ This curve shows the relative photo currents 
passing through a cell when illuminated by lights of 
different colors but of equal energy. The curve shows 
that the response of the cell depends upon the color 
of the light used (as well as upon the quantity of the 
light). The maximum value of the curve lies in the 
blue portion of the spectrum, and it falls off rapidly 
towards the red. A curve of this same general type 
holds for most photo-electrically active substances. 

The point of maximum sensitivity falls in different 
parts of the spectrum for different materials. The 
wavelength at which maximum sensitivity occurs 1s 
characteristic of any given substance. The point 
where the curve touches the axis is known as the 
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Fig. 4. Photo-sensitivity Curves of Various Alkali Metals, Drawn 
with Equal Maximum Ordinates. From left to right, these 
curves apply to Li, Na, K, Rb, and Cs 


long-wave limit as the material is insensitive to 
wavelengths any longer than this. This point also 
varies for different substances but is characteristic 
of any one substance. 

Wavelength-sensitivity curves for the alkali metals 
are shown in Fig. 4.) These curves show that in 


()From E. F. Seiler, Astrophysical Journal, 52, 129, 1920 


THE PHOTO-ELECTRIC CELL 


passing down the series of the alkali metals as they 
occur in the periodic table, the peak in the curves 
moves towards the right, 2.e., they become more red 
sensitive. This is a very important factor to note if 
the cell is to be used for any work involving color. 
It is a common practice in the manufacture of a 
number of types of photo-electric cells to treat the 
alkali metal with hydrogen and so form the alkali 
hydride. The hydrides are more sensitive than the 
untreated metals, and the maxima in the sensitivity 
curves show a shift towards the red. 

In Fig. 5 is shown a visual sensitivity curve which 
gives the response of the human eye to lights of equal 
intensity but of different colors.® The curve shows 
that the eye is most sensitive to a wavelength of 
about 5550 which is a yellow-green color. A photo- 
electric cell made with potassium, however, would be 
most sensitive to blue light of wavelength 4400. Photo- 
electric cells, then, do not ‘“‘see” colors in the same 
way as the human eye. Where measurements involving 
color are to be made, the cells must be corrected by 
means of absorbing screens or filters so that the 
sensitivity curve of the combination will more nearly 
approach that of the eye. From Fig. 4, it can be seen 
that of the alkali metals caesium most nearly ap- 
proaches the visual sensitivity curve. 

In the photometry of lamps by means of photo- 
electric cells, color sensitivity is of great importance. 
For example, a gas-filled and a vacuum lamp of the 
same candlepower according to visual photometric 
measurements will not appear of the same power to a 
photo-electric cell, because the gas-filled lamp operates 
at a higher temperature and so emits a larger pro- 
portion of its radiation in the blue end of the spectrum. 
Since all photo-electric cells are more sensitive to 
blue than to red radiation, the gas-filled lamp will 
appear the brighter to an uncorrected cell 
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Fig. 5. Relative Sensitivity of the Human Eye to Lights of 


Different Color but of Equal Energy. Compare with 
the curve in Fig. 3 


If the cell is to be used for making quantitative 
measurements, the amount of voltage to be applied 
to the anode is of importance. The number of electrons 
emitted from the photo-sensitive surface is dependent 
only on the incident light. The number which succeed 
in reaching the anode, which is the photo-electric 


(2)Prom Bulletin of the Bureau of Standards, 14, 167, 1918. 
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current, depends upon the anode voltage. At low 
voltages only a few electrons will reach the anode. 
As the voltage is raised, a larger proportion will reach 
it; and finally a voltage will be attained sufficiently 
high to draw over all the electrons emitted. This is 
the saturation voltage, analogous to the saturation 
voltage of a hot-cathode vacuum tube. Higher 
voltages can produce no increase in current, because 


Micro-amperes 


Volts 


Fig. 6. Characteristic Volt-ampere Curve of a 
Vacuum-type Photo-electric Cell 


there are no more electrons to be drawn over. A volt- 
ampere curve of this type is shown in Fig. 6. At 
voltages below the saturation voltage, the current is 
not proportional to light intensity because only a part 
of the electrons reach the anode. 

In the case of a gas-filled cell, this curve 1s different 
in form. At low voltages the two curves are practically 
the same. As soon as the potential difference between 
the electrodes exceeds the ionizing voltage of the gas 
used, some of the gas molecules become ionized, 
which results in an increase in the current. This can 
be seen in Fig. 7, where the curve is gradually rising 
in the neighborhood of 20 volts. As the voltage is 
increased, more and more ions are produced, resulting 
in a still larger current as is shown by the more rapid 
rise of the curve until about at 160 volts enough 
ions are produced to result in a glow discharge. In 
this condition the discharge is self-sustaining and 
independent of the light source. To obtain the 
greatest sensitivity, the cell is used at a voltage 
slightly below the glow voltage. This subject has been 
investigated at considerable length by Cambell. © 
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Fig. 7. This Curve, Compared with That in Fig. 6, Shows the 
Gain in Current by Adding to the Cell a Certain 
Amount of Gas for Ionization 


For measuring ultra-violet radiation, substances 
such as magnesium and cadmium are used, as these 
are sensitive to ultra-violet but not to visible radiation. 
Ordinary glass is not transparent to the short ultra- 
violet waves, so for these purposes quartz must be 
used for the cell enclosure. 


(*) Philosophical Mag., April, 1927, p. 945. 
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Various Methods of Connecting Indicating 
Wattmeters 


PART II 
Connections for Three-phase Four-wire Circuits (Cont’d)—Measurements in Connection 
with a High-tension Line—Reactive Volt-ampere Meters | 


By JOHN AUCHINCLOSS 
Switchgear Engineering Dept., Philadelphia Works, General Electric Company 


current transformer secondary delta shown in 

Fig. 21* necessitates the reversal of current Y 
rather than current X at the meter in the reversed 
connection shown in Fig. 23. This is shown vector- 
ially in Fig. 24. The voltage vectors e}, e», and e3 
are first drawn at the instant corresponding to the 
arrows shown on the primary lines in Fig. 23. Assum- 
ing for the sake of simplicity that the primary cur- 
rents 11, 72, and z3 are in phase with the leg-voltages 


|: is interesting to note that the reversal of the 


Source 
3 2 


Fig. 23. The Two-coil Polyphase Wattmeter of Fig. 21 
Shown with Reversed Connections in the Current 
Element and Transformer Delta 


€1, €2, and e; respectively, they may be drawn as shown 
in Fig. 24 (b) and marked a, b, c, d, e, and f to corre- 
spond with similar markings shown in Fig. 23. The 
current transformer secondary delta is then con- 
structed and superposed upon the line voltages as 
shown in Fig. 24 (a), observing in this construction 
that since the ends marked a and d are connected 
together at the transformers shown in Fig. 23, the 
same markings must be joined together in the vector 
diagram of the secondary delta. Similarly, points 
c-f and e-b must be connected to form the two remain- 
ing corners of the delta. 

Comparing the delta formed in Fig. 24 (a) with 
that shown in Fig. 22, it will be observed that the 
two deltas are displaced 180 deg. from each other, 
while the voltage vectors e, e2, and e; remain in the 
same position with respect to each other. Conse- 
quently, the arrows across the potential coils of the 
meter are the same in both Figs. 21 and 23, and to 
obtain a positive torque in the instrument it is 
necessary that the arrows across the current coils be 
also the same in both figures. To accomplish this the 


*Figs. 1 to 22 appeared in Part I of this article, published in the issue 
of May, 1928, p. 257.-—-Eb 


connections to these coils are made just the reverse 
in Fig. 23 of what they are in Fig. 21. 

This is also shown on the vector diagram at Fig. 
24 (a) in which it will be noted that the current 
X, which was 150 deg. displaced from the voltage 
e, in Fig. 22, has now a displacement of only 30 
deg.; and since the cosine of 30 deg. is positive, the 
current X will give a positive torque with the voltage 
e. On the other hand, the current Y which was 
previously displaced only 30 deg. from its voltage 
es, is now displaced 150 deg. Since the cosine of 150 


i2 
C 
d| f 
b 
i72 : 
1 Current Transformer °3 
Primaries 


(b) 
Fig. 24. Vector Diagrams for the Circuit 
Shown in Fig. 23 


deg. is negative, the current Y should give a negative 
torque with the voltage es and oppose the torque 
produced by the other instrument. To change the 
sign of the torque from negative to positive it is 
necessary to shift the phase displacement from 
150 deg. to 30 deg. This may be accomplished in 
two ways, viz., by reversing the connections to the 
current coil or by reversing the potential coil 
connections. The former method was chosen in 
Fig. 23. 

Should it be preferred to reverse the potential 
instead of the current coil the connections would be 
made as shown in Fig. 25, and the corresponding 
vector diagram that in Fig. 26. On balanced load 
at unity power-factor the torque as before is: 


e, X cos 30°+e; Y cos 30° 
while on unbalanced load it is: 
eit, COS Œœ, + et cos (60° — a) +e3t%2 cos (60° + a2) 
+ €313 COS Qs 


which with balanced voltages reduces to the familiar 


form À 
e (tı COS Œ@ı +t: COS Q2 + t3 COS A's) 
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This expression is due to the fact that current 
X which operates with the voltage e, contains com- 
ponents of both 1, and 72, while the current Y which 
operates with the voltage e3 contains components of 
13 and 12. The components of 12, therefore, produce a 
torque with both e, and e3, while tı and 73 operate 
only with their individual voltages e, and e, Fig. 
24 (a). 

The instrument, therefore, indicates correctly 
with a reversal of either the current or potential 
coil connections. It 1s obvious, of course, that both 
should not be reversed. 


Source 
3 2 


Fig. 25. Connections for Two-coil Polyphase Wattmeter 


When Potential Coil is Reversed 


Fig. 26. Vector Diagram Showing Relationships of Current and 
Potential When Connections Given in Fig. 25 Are Used 


A problem which commonly comes up for con- 
sideration involves a high-tension line on which it is 
desired to measure power. The neutral of the step- 
up transformer is grounded for protection only; 
T.e., NO power is expected to be carried over the 
grounded neutral. As a matter of fact, the neutral 
ground is so fully protected by delicate relaying 
equipment as to preclude the possibility of any such 
contingency. Consequently, the problem resolves 
itself into nothing more nor less than measuring the 
power flowing along a three-phase three-wire circuit, 
and any of the methods already described may be 
followed. 

Occasionally, however, it is desired to measure 
power®) on a high-tension line when the current 
transformers are located in the line for relay purposes 


(1)Usually, this would be for indicating or graphic wattmeters only, but 
not for integrating meters upon which charges are billed, because the regu- 
lation of the transformer bank would affect the accuracy of the total 
watthours charged against the customei’s account. 


sY 


while, for the sake of economy, the potential trans- 
formers are located on the low-voltage side of the 
Y-A transformer bank. Almost invariably the Y-side 
is the high-voltage side and the A-side the low. 

A study of the vector conditions of this arrange- 
ment as shown in Fig. 27 reveals that the voltages 
on the low-voltage side are in phase with the currents 
on the high-voltage side (at unity power-factor). 
The instrument having three current coils and two 
potential coils, which requires voltage and current 
in phase at unity power-factor, can therefore be used 
for this condition. 


Itages on C 


: 3 . Volta 
Currents on High Voltage Side Low Voltage Side 3 


Fig. 27. Vector Diagram of the Conditions Encountered in the 
Usual Arrangement of a High-tension Line 


3 2 1 High Voltage Side 


3 2 1 


Fig. 28. Diagram of Connections for a Wattmeter in a High-tension 
Circuit Showing Relative Directions of Current Flow 


The connections for the instrument under these 
conditions together with arrows denoting the instan- 
taneous direction of the currents through the various 
coils are shown in Fig. 28. It will be seen from these 
diagrams that at this particular instant the potential 
transformer secondary lead B has no current flowing 
in it owing to the fact that its primary vector lies 
on the zero line, while the secondary leads A and 
C have equal currents flowing over them in opposite 
directions and meeting at the point O. The latter is 
seen from the primary vector diagram (Fig. 27) 
in which the current A flows from phase 2 above the 
zero line to O and current C comes from O to phase 3, 
below the zero line. 

Another possible method would be to use a standard 
two-element instrument in connection with the 
double auto-transformer shown in Fig. 29. Here the 
potential transformers are shown connected from 
2 to 1 and from 1 to 3. This is done in order to obtain 
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voltages having the phase 2-B and A-3 which are 
in the same position with regard to the currents in 
lines 1 and 3 as the voltages and currents already 
shown in Fig. 12. 

Obviously, if mid-taps on the secondaries of the 
potential transformers were used, the voltage applied 
to the instrument would be only 110 cos 30°, or 
95 volts. This would necessitate special calibration 
of the meter scale. The purpose of the auto- 
transformer is to increase the applied voltage from 95 
to 110; and consequently its winding must supply 

110 


, or 127 volts, with 63.5-volt taps, which will 
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1~ 30° 30° 
6 5 3 Auto-Transtormer 
Fig. 29. Vector Diagram for Unity Power-factor Conditions 


in a Double Auto-transformer 
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Fig. 30. Diagram of Connections and of Instantaneous Current 
Direction for a Wattmeter in a High-tension Circuit 


give 110 volts from 2 to B and from A to 3 for the 
instrument. No special calibration is now required 
and the meter is standard in every way. Superposing 
these voltages upon the current vectors we obtain 
a vector relation between voltage and current exactly 
like that shown in Fig. 5, except that in Fig. 29 they 
are shown at unity power-factor. 

In this case, three current transformers are shown, 
although only two are used. This is done because on 
a grounded neutral line three current transformers 
are usually employed for relay equipment. 

It should be noted that at the instant chosen phase 
1 is positive to phase 2 and phase 3 positive to phase 1. 
The current through the primaries of the potential 
transformer will consequently flow from phase 1 to 
phase 2 and from phase 3 to phase 1. On the second- 
aries these currents flow in the opposite direction. 

Similarly, at the auto-transformers point B is 
positive to phase 2 and phase 3 positive to point A. 
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The currents through the meter coils will therefore 
be from B to phase 2 and from phase 3 to point A 
as shown in Fig. 30. Since at this instant the vector 
of phase 1 lies on the zero line there 1s no current 
flowing out in this phase. 

Referring to Fig. 30, it will be observed that the 
common point of the transformers is connected to 
phase 1. This is done merely for the sake of sim- 
plicity to obtain a vector figure exactly similar to 
that shown in Fig. 12. If the transformers have also 


Source 
2 


Fig. 31. Modification of the Connections Shown in Fig. 30 to Provide 
for Use of the Instrument Transformers for Synchronizing 


3 


Fig. 32. Vector Diagram of Proper Conditions of Current and 
Voltage Derived from Connections Shown in Fig. 31 


to be used for synchronizing, however, it may be 
desirable to connect the common point to phase 2 
with the secondary ground also on this phase. This 
may be accomplished with the connections shown in 
Fig. 31. The corresponding vector diagram is shown 
in Fig. 32. In the latter it will be noted that an 
instant has been chosen which is a few degrees earlier 
in the cycle than that shown in preceding diagrams. 
This has been done to obtain a definite current flow 
from phase 1 to point B, for it is obvious that at the 
instant chosen previously the voltage 1-B would lie 
on the zero line, and consequently there would be no 
current flowing across these points and no current 
in the corresponding potential coil of the instrument. 
It should also be noted that in Fig. 31, the left-hand 
element of the instrument is energized from the 
current transformer located in phase 2. This is 
necessary to obtain the correct 30-deg. displacement 
with the voltage A-3 (Fig. 32). It might be questioned 
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why A-3 could not be reversed at the potential coil, 
thereby obtaining a 30-deg. displacement with the 
current in phase 3. This reversal is shown dotted in 
Fig. 32. Such a connection, however, would be 
useless since the instrument would read correctly 
only at unity power-factor, for at say 30-deg. lag 
the currents and voltages would be exactly in phase; 
and instead of the instrument’s reading 1.5 Ert, it 
would actually read 21, whichis 33 per cent too high. 


REACTIVE VOLT-AMPERE METERS 
By impressing a voltage on the potential coil 

which is 90 deg. displaced from that ordinarily 
used in measuring watts, the polyphase instrument 
previously described can be used for measuring 
reactive volt-amperes. In fact, the same instrument 
is frequently used for reading both quantities, a 
throw-over switch in the potential circuit accomplish- 
ing the required changes in the connections to the 
potential coils. If the load is steady, simultaneous 
readings of these two values afford a ready insight 
into most other electrical conditions existing in the 
circuit. For example, from Fig. 33, where 

E = voltage 

I =current 

X = quadrature or reactive component 

R=in-phase or power component 

a= displacement angle 


it is evident that 


ER = watts = W 
EX =reactive volt-amperes = RVA 


V W?+ RVA?=volt-amperes = VA 


W 
VA =cos a= power-factor 


and 


RVA =tan a=reactive factor 
W 
E 
XxX I 
R 


Fig. 34. A Diagram of Voltage and Cur- 
rent in a Polyphase Circuit Showing 
Independence of Instrument Action and 
Phase Rotation When Reading Watts 


Fig. 33. The Relationship of 
Quantities Involved in Con- 
sidering Reactive Power 


When polyphase instruments are used, the exact 
meaning of œ in the foregoing formulas is rather 
obscure. 

When reading watts on a polyphase circuit the 
phase sequence of the system has no influence on the 
action of the instrument since the torque is in the 
same direction, regardless of whether the current is 
leading or lagging the voltage across the potential 
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coil. This will be seen upon reference to Fig. 34 
which covers the general case. It is obvious that 
whether the phases rotate in the direction indicated 
by the full arrow or by the dotted arrow, the torque 
remains the same, vz., 


E:—; 11 Cos (30°+ a) +E 13 Cos (30° — Q3) 


which is positive for either direction of phase rota- 
tion; t.e., whether the power-factor is leading or 


lagging. 
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ee i i 
1 Fig. 36. Current and Potential 
Vectors Shown at a Normal 
Fig. 35: Diagram Showing the Phase Displacement of 90 Deg. 


The departure of the current 
vector from this position may 
give either positive or negative 
readings 


Dependence of Lag or Lead 
Upon Phase Sequence in Meas- 
urement of Reactive Volt-am- 
peres 


When measuring reactive volt-amperes by produc- 
ing a torque proportional to the sine of the displace- 
ment angle, the direction of the torque for a leading 
current is the reverse of that for a lagging current. 
That the direction of this torque, as developed with 
a quadrature voltage, is dependent also upon phase 
sequence, will be evident from a study of Fig. 35. 
This diagram represents a single-phase instrument 
connected to a three-phase circuit, the potential coil 
being connected across the line voltage in quadrature 
with the line current (at unity power-factor) in which 
the current coil is connected. “ 

This connection may be represented vectorially as 
shown in Fig. 36. At unity power-factor, then, the 
torque is proportional to 


Ei cos 90° =0 
regardless of the phase sequence of the system. 


Should the phase sequence of the three-phase sys- 
tem be as indicated by the arrow in Fig. 36 (1.e., with 
the current at unity power-factor 90 deg. behind the 
voltage) then the insertion of inductive reactance in 
the load will cause the current to fall back by the 
angle œ to the position 7’ and the resulting torque 
will be 


Ei cos (90°+ æa) 
which is negative. 


If, however, the phase sequence were in the oppo- 
site direction with the same value of reactance in the 
load, or in other words, having the same lagging 


_ (Fora more complete discussion of the theory of operation of these 
instruments, see ‘Measuring the Reactive Component,” by John Auchin- 
closs, GENERAL ELECIRIC REVIEW, April, 1924, p. 263. 
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power-factor, the current must take up the position 
a” and the torque is 


Ei cos (90°— æq) 
which is positive. 
The direction of the torque and, consequently, the 
direction of deflection of the pointer therefore depend 


upon the sequence or order in which the phases 
rotate, so that if the meter were connected up with- 
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Fig. 37. Diagram of Connections for Obtaining Measurements of 
Both Watts and Reactive Volt-amperes in a Three-phase, 
Three-wire Circuit 
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Fig. 38. The Diagram of Connections Corresponding to Fig. 37 
in which Conditions Are Adapted to a Three-phase 
Four-wire Circuit 
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out regard to phase sequence, it might, if equipped 
with a zero-center scale, indicate Jead for lag and 
tice versa. Similar reasoning applies also to the 
polyphase instrument where the current of each ele- 
ment operates with a voltage other than the one 
which drives it through the winding. 

When the conditions are such that the current is 
generally lagging or generally leading the instrument 
may be equipped with a full scale from zero in the 
left-hand corner to maximum in the right. If, however, 
as is usually the case when this instrument is used, 


Fig. 39. A Composite Vector Diagram of Voltages and Currents 
Occasioned through the Use of Directional Relays Together 
with a Two-element Wattmeter and a Two-element 
Reactive Volt-ampere Meter 
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Fig. 40. Separate Vector Diagrams for Relays, Wattmeter, and 
Kv-a. Meter with 90-, 30-, and 60-deg. Displacement 
of Voltage and Current Respectively 
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Fig. 41. Actual Diagram of Connections Involving Relays, 
meters and Kv-a. Meters for Measurements in a 
High-tension Circuit 
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the current may be either leading or lagging, the 
scale has a zero mark in the center and a maximum 
at both the right- and left-hand corners. The con- 
nections for using the instrument to read watts or 
reactive volt-amperes on a three-phase, three-wire 
circuit are shown in Fig. 37 and on a three-phase, 
four-wire circuit in Fig. 38. “ 

Another problem not very often encountered, but 
nevertheless interesting, requires that three direc- 
tional relays, one two-element indicating wattmeter, 
and a two-element indicating reactive volt-ampere 
meter be connected to current transformers on the 
high-voltage side and potential transformers on the 
low-voltage side of a YA-connected bank of power 
transformers. In this combination the relays required 
in the current and potential coils of each element a 
displacement of 90 deg. in phase, in the wattmeter 30 
deg., and in the reactive volt-ampere meter 60 deg. 
displacement. 

To accomplish this, three of the auto-transformers 
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previously described were connected as shown vec- 
torially in Fig. 39. Two low-voltage potential trans- 
formers were connected in open delta (60°) to points 
X and Y of two of the auto-transformers, and a third 
auto-transformer connected across their extreme 
ends, 1 and 3 (127 volts) giving the relay voltages 
A-3, B-1 and C-2 (110 volts) in quadrature with 
the high-voltage currents 1’, 2’ and 3’, respectively. 
Since the current coils of the wattmeter are connected 
in phase 1’ and 3’ the corresponding voltages must 
be A-3 and 2-C, while the voltages'in quadrature 
with these required by the reactive volt-ampere meter 
are Y-X and X-2. It should be noted that the voltage 
3-1 cannot be used in place of Y-X since that is 127 
volts while the meter requires 110 volts. Fig. 39 
shows a composite vector diagram of all these voltages 
and currents, while in Fig. 40 they are separated 
for each individual device. Fig. 41 shows the actual 
connection diagram derived from the two preceding 
illustrations. 


(Concluded) 


Induction Motor-generator Sets for Motion-picture Projection 


Constant-potential multiple-arc induction motor- 
generator sets have been designed to convert 50- or 
60-cycle alternating-current from power lines to 
direct current suitable for the motion-picture pro- 
jectors of the arc type. 

The generators may be driven by single-phase or 
polyphase squirrel-cage induction motors or by high- 
reactance squirrel-cage induction motors. These sets 
are built in a variety of sizes, their continuous 


Fig. 1. 


Typical Motor-generator Set for Direct-current 
Supply to Motion-picture Projectors 


capacities ranging from 1.6 to 30 kw. All of them are 
designed to carry 100 per cent overloads for three- 
minute periods occurring at 15-minute intervals. 
The continuous ratings range from 20 to 300 amp., 
and the overload capacity is provided to carry the 
extra load during periods when changing from one 
projection machine to another. 

The generators are compound wound and will hold 
the voltage constant within a very small range at all 
loads up to their maximum rated capacity. The 


motors are selected to carry the maximum overload 
without appreciable drop in speed. The sets which 
include high-reactance motors may be started on full 
voltage without exceeding the starting current per- 
mitted by the N.E.L.A. rules. 

Suitable generator panels, arranged for wall mount- 
ing, include a direct-current ammeter, direct-current 


Fig. 2. Typical Generator Panel 


voltmeter, and a generator-field rheostat, all in a sheet- 
metal enclosing case. The side of this cabinet is re- 
movable to permit easy access to the back of the panel. 

To secure stable operation of the arc, a ballast re- 
sistor must be used in series with each projector, 
spotlight, etc. This resistor includes a starting sec- 
tion, a permanent-resistance section, and a regulat- 
ing section with seven regulating points. The proper 
regulating point is readily selected by means of a dial 
switch mounted on the front of the panel. 
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A List of Welded Structures 


Prepared by 
FRANK P. McKIBBEN 
Consulting Engineer, Black Gap, Pennsylvania 


HE following list of steel structures in which 
the parts are connected by welds shows that 
this process is no longer in the experimental 
stage, but is a means of fabrication so extensively 
used as to warrant the attention of all structural 
engineers and architects. Welding has also been 
widely adopted in joining structural shapes and plates 
to produce substitutes for large castings—substitutes 
which are stronger, more reliable, and more econom- 
ical. If the accompanying list be any indication 
of the trend in structural engineering one must con- 
clude that the architect and engineer in their endeavor 
to keep pace with the development of improvements 
in the building arts must at least investigate the pos- 
sibility of welding as a means of fabricating certain 
types of steel bridges and steel buildings. In many 
cases it will be found that welding is better and 
cheaper than any other form of construction. 
That responsible designers are taking this matter 
in hand is some assurance that its use will be directed 
along safe channels. 


Bridges 

(1). Single-track Pennsylvania R. R. Bridge over 
Susquehanna River at Havre de Grace (Md.), double- 
decked by Maryland State Roads Commission for 
use as a highway bridge. 


(2). Single-track railroad bridge at East Pittsburgh 
Works of Westinghouse Co. Length of bridge, 62 ft. 
4 in. 

(3). Through Warren trusses with sub-divided 
panels for railroad bridge at Chicopee Falls (Mass.). 
Welded structure weighs 80 tons. 


(4). Bridge connecting two buildings, General Elec- 
tric Company, Schenectady (N. Y.). Built 1921. 
Span 35 ft. l 


(5). Welded columns used in bridge for carrying 
coal wagons. 


(6). Welding steel reënforcing rods to existing steel 
arch bridge over Willamette River, Oregon City 
(Ore.). Approximately 50,000 welds. 


(7). Reëforcing Chicago Great Western R. R. 
Bridge over Missouri River. Leavenworth (Kan.); 
originally built 1893; consists of one 440-ft. drawn 
span and two 330-ft. fixed spans. Electric welding by 
American Bridge Co. involved 225,000 1b. of structural 
steel, 7500 lin. ft. of welding and 2000 1b. of welding 
steel. Reënforcing done between February 28 and 
April 28, 1927, without interrupting trains. 


(8). Princess Bridge, Melbourne (Australia); 
strengthened by welding. 


Buildings 

(9). Shop Building No. 1, West Philadelphia plant 
of General Electric Company. Approximately 1000 
tons of beams, columns and trusses. Electrically 
welded, 1927-28. Shop 13614 ft. wide by 551 ft. long, 
with a wing. Trusses 581 ft., 77 ft., and 78 ft. spans. 
Has bridge cranes and wall cranes. 


(10). Shop building, 42 ft. long, 66 ft. wide, connect- 
ing existing Buildings 44 and 45 at Bridgeport (Conn. ) 
plant of General Electric Company. Has four trusses 
of 64-ft. span supported on steel columns. Fabri- 
cated by American Bridge Co. Erected by Leak 
and Nelson Co., Bridgeport (Conn.). Built 1928. 


(11). Shop Building No. 38 at Pittsfield (Mass.) 
plant of General Electric Company. Width, 60 ft. 
Length, 280 ft. Three stories. Fabricated and 
erected 1928 by American Bridge Co. 


(12). Five-story building at Sharon (Pa.) for West- 
inghouse Electric & Manufacturing Co. Built 1926 
by American Bridge Co. Live load 300 lb. per sq. ft., 
790 tons of steel; 70 ft. wide, 220 ft. long, 80 ft. high. 


(13). Main factory building of the Lincoln Electric 
Co., Cleveland (Ohio). Consists of three stories and 
a basement, and has vertical members welded; con- 
structed in 1916. Building is 50 ft. by 130 ft. 


(14). Mill building. Roof trusses; three 19-ft. spans. 
Brixton, England. Area of building 20,000 sq. ft. 


(15). Mill building at Tottenham, London. Built for 
Galvanizing Equipment Co. by Welded Construction 
Co. Main truss span 40 ft. with two 15-ft. side spans. 


(16). Mill building. One story, built by C. B. & Q. 
R. R. at Eola (IIl). 


(17). Warehouse for materials of Chicago District 
Plant of Mississippi Valley Structural Steel Co. at 
Melrose Park (Ill.). Trusses, columns, and crane 
columns are all welded. Crane, 20-ton capacity, span 
84 ft. Dimensions of building, 118 ft. by 340 ft. 


(18). Material shed building. Built 1920 by Electric 
Welding Co. of America in Brooklyn. Roof trusses, 
40 ft. span; tested by Department of Buildings, City 
of New York. Has traveling crane. 

(19.) One-story building, Derry (Pa.); built 1927 
for Westinghouse Electric and Manufacturing Co. by 
Jones and Laughlin Steel Corp. Dimensions of build- 
ing 150 ft. by 460 ft. with a wing; 336 tons of steel. 

(20). Building at Youngstown (Ohio), built 1926 by 
Youngstown Welding Co. Dimensions 70 ft. by 220 ft.; 
carries traveling crane. All field erection welded; no 
bolts or rivets used. 
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(21). Building at St. Louis (Mo.) Plant of Missis- 
sippi Valley Structural Steel Company. Dimensions 
30 ft. by 50 ft. All shop work welded; field work bolted. 


(22). Garage building, Canton (Ohio), for Peerless 
Auto Sales Co. Two stories and basement. Building 
is 100 ft. by 150 ft. 


(23). One-story garage at Dallas (Tex.) built by 


Dallas Power and Light Co. Two units, each 16 ft. by 


140 ft. 


(24). One-story building at Berkeley (Calif.). Built 
by Berkeley Construction Co. Dimensions, 50 ft. by 
250 ft. Has two 10-ton cranes. 


(25). One-story building. Built at Sharon (Pa.) for 
Westinghouse Electric and Manufacturing Co. in 
1926. Building 40 ft. by 102 ft.; 27 tons of steel. 
Crane runway for one-ton crane. 


(26). One-story building at East Pittsburgh Works 
of the Westinghouse Co. Built 1926 and 1927; 40 ft. 
by 100 ft. 


(27). One-story garage at East Pittsburgh (Pa.) by 
Westinghouse Co. in 1926; 60 ft. by 90 ft. 


(28). One-story steel frame building Newport News 
Shipbuilding and Dry Dock Co., Newport News 
(Va.). Building 63 ft. by 53 ft.; carries completely 
welded ten-ton fish belly crane. 


(29). One-story building constructed in Detroit for 
Barnes Wire Fence Co. This structure was entirely 
field welded; no bolts or rivets were used. 


(30). Two one-story buildings at Waukegan (IIl.). 
Built by General Boilers Co.; one 25 ft. by 85 ft.; the 
other 25 ft. by 50 ft. 


(31). Steel frame of 25-story addition welded to 
original steel building of First National Bank Build- 
ing in Detroit (Mich.), 1927. 


(32). Fifteen-story steel frame addition to J. L. 
Hudson Co. Department Store, Detroit (Mich.); has 
steel frame of 12 lower stories welded to existing 
building of same owner. 


(33). Steel frame of twelve-story addition welded to 
original steel building of People’s Outfitting Co., 
Detroit (Mich.) 


(34). Steel frame of four-story addition welded to 
original steel building of Detroit Trust Company. 

(35). Welding employed in some connections for ad- 
dition to Michigan Bell Telephone Building in Detroit. 


(36). Addition to chemical laboratory of Westing- 
house Co., at East Pittsburgh (Pa.). 


(37). Two additions, each a one-story building, 
welded to original building of Chevrolet Motor Car 
Co., at Janesville (Wis.). 

(38). Foundry building extension, 100 ft. by 54 ft. 
Main roof truss span, 35 ft. Built 1920 at Stoke-on- 
Trent, England, by Welded Construction Co. Carries 
traveling crane of 50-ft. span. 
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(39). Retort house, West Melbourne Works, Metro- 
politan Gas Co., Australia; 400 tons steel. 


(40). Kiln and coolers at Saulte Sainte Marie Plant 
of Union Carbide Co. welded by Reeves Bros. Co., 
Alliance (Ohio). Kiln, 8 ft. by 125 ft.; three coolers 
5 ft by 55 ft. 


(41). Concentration plant for Ammonical Liquor, 
Australia. 


(42). Additional floor welded in between original 
roof and original top floor of Crowley, Miller and Co. 
Department Store, Detroit. 


(43). Steel floor at Hershey Chocolate Co., 24 ft. by 
64 ft. 


(44). Roof trusses over West Yard at Decatur (IIl.) 
Plant of Mississippi Valley Structural Steel Co. Span 
84 ft.; both shop work and field splices welded. 


(45). Roof trusses over West Yard at St. Louis 
(Mo.). Plant of Mississippi Valley Structural Steel 
Co. Span 78 ft. 


(46). Roof trusses, oxy-acetylene welded at Cin- 
cinnati Prest-o-Lite plant in 1926. Spans 27 to 48 ft. 


(47). Roof trusses. Tested at Buffalo by Union Car- 
bide and Carbon Co. in 1926. Span, 40 ft. 


(48). Welded trusses in building for Modern Power 
Device Co. at Port Washington (Wis.). 


(49). Roof truss. Stables at Horse Show, Olympia, 
England. Built 1920. Span, 14 ft.; area of building, 
9,000 sq. ft. 


(50). Crane runway, Coplay Cement Mfg. Co., 
carries crane and 10-ton bucket. Seven plate-girder 
spans and steel A-frames. 


(51). Brackets for crane runway, General Electric 
Company, Schenectady (N. Y.). 


Cars, etc. 

(52). Locomotive tender. Built for Boston & Albany 
R. R. at West Springfield (Mass.). 

(53). Gondola freight car. Built for C. B.& Q. R. R. 
by American Car and Foundry Co. in 1921. Capacity 
50 tons. 

(54). Annealing car, General Electric Company, 
Schenectady (N. Y.). Built 1921. 


Cranes, etc. 
(55). Large boom for derrick. Built 1922; 90 ft. long. 
(56). Ten-ton fish belly crane in foundry, Newport 


News Shipbuilding & Dry Dock Co., Newport News 
(Va.). January, 1927. Span, 50 ft. 514 in. 


Frames and Towers 

(57). Steel frame for large electric sign, Radio 
Station WGY, General Electric Company, Sche- 
nectady (N. Y.). 

(58). Steel frame for boxing area lights at Phila- 
delphia Sesqui-centennia] Exposition. 
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(59). Transmission line, tower, Belgium; 72 ft. high. 


(60). Transformer tower built by General Electric 
Company, Schenectady (N. Y.). Built 1920. Carries 
traveling crane. Dimensions, 40 ft. by 40 ft. by 40 ft.; 
34,339 lb. of steel. 


(61). Radio tower at Peking, China, 115 ft. high- 
(62). Tower in Cave, California. 


Ships, etc. 
(63). Ship Fullagar. Built in 1920 by Cammel Laird 
& Co., at Birkenhead, England. Length, 150 ft. 


(64). U. S. Coast Guard Cutter Northland built in 
1927 at Newport News Shipbuilding and Dry Dock 
Co.; rudder metal arc welded, and metal arc welding 
used extensively on decks, bulkheads, etc. 

(65). Motorboat Sea Hornet built in 1920 by Kyle 
& Purdy, City Island, New York (N. Y.). Length, 
58 ft. 

(66). Tugboat, built in 1920 by Electric Welding 
Co., Gothenburg, Sweden. Length, 52 ft., 6 in. 


(67). Tugboat built 1915 by Geary Boiler Works, 
Ashtabula (Ohio). Length, 42 ft. 

(68). 1200-ton Oil Barge Hisco. Built 1917 by Tank 
Shipbuilding Co., Newburg (N. Y.). 

(69). English Channel Barge AC-1320. Built 1917. 
Length 125 ft., 9 in. 

(70). Oil Barge Independent. Built 1924 by Saxe 
Providence Boiler Works, Providence (R. I.). Length, 
76 ft. 

(71). Steel floating caisson for dry dock. Hikoshuma 
Drydock, Japan. 

(72). Pontoon for 120-ton derrick with shell, deck, 
and two bulkheads welded. Built in 1925 at Norfolk 
Navy Yard. 

(73). Pontoon for crane at Kobe, Japan; length, 
65 ft. 

(74). Seventeen 45-ton 172-ft. U. S. Navy battle 
towing targets built at Norfolk Navy Yard and Puget 
Sound Navy Yard between 1918 and 1927. Super- 
sede 50-ton riveted targets previously used. 


Tanks 

(75). Oil storage tanks of 40 and 150 ft. diameter, 
respectively. Built 1920 for Oklahoma Producing and 
Refining Corporation by Electric Welding Co. of 
America. 

(76). Two 1000-barrel oil storage tanks at Union- 
town (Pa.); oxy-acetylene welded in 1924 by Linde 
Air Products Co. 

(77). Tank used as creosoting still; oxy-acetylene 
welded at works of Reeves Bros. Co., Alliance (Ohio). 
This tank, which is 90 in. diameter by 90 ft. long and 
built of one-inch steel plates, operates at 200 lb. steam 
pressure and 24 in. vacuum; tested to three times 
normal steam pressure. 
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(78). Steel swimming pool, Standard Club, Chi- 
cago. Pool is 60 ft. long and 30 ft. wide. 

(79). Steel swimming pool built 1924 by Norfolk 
Navy Yard for the Officers’ Club. Capacity of tank, 
100,000 gal. 

(80). Gas holder for Metropolitan Gas Co., Mel- 
bourne, Australia; 600 tons steel; 3,000,000 cu. ft. 
capacity. 

(81). Purifiersfor Metropolitan Gas Co., Melbourne, 
Australia; 150 tons steel; 3,000,000 cu. ft. capacity. 

(82). Gas holder at Columbus (Ohio) oxy-acetylene 
welded by Linde Air Products Co. in 1924; diameter, 
50 ft. 

(83). Gas holder at Salt Lake City (Utah) oxy- 
acetylene welded by Linde Air Products Co. in 1924; 
diameter, 50 ft. 

(84). Gas holders at Albion (Mich.) built 1928 by 
Western Gas Construction Co. of Fort Wayne (Ind). 
Diameter, 74 ft.; max. height 113 ft. 7 in. Structure 
embodied 258 tons of steel, arc-welded; four tons of 
welding wire used in 21,414 linear ft. of welding. 

(85). New steel roof on gas holder at Fitzroy, Aus- 
tralia. Built by Metropolitan Gas Co. 


Tests 
(86). General Electric Company shear, tensile and 
compressive tests, 1927. 


(87). Westinghouse Electric Co. Tests made at Car- 
negie Institute of Technology. 


(88). American Bridge Co. Tensile specimens, grid- 
ers and columns were tested at Bureau of Standards. 


(89). Metropolitan Gas Co., Australia. Tests on 
welded tubular columns in connection with 6-ton 
50-ft. jib for derrick crane. 


(90). Metropolitan Gas Co., Melbourne, Australia. 
Tensile tests, etc. at Melbourne University. 


(91). Morgan Engineering Co. Shear tests. 
(92). Ernest Humphreys, Jr. Shear Tests, 1921. 


(93). Westinghouse Electric and Manufacturing 
Co. vibration and impact tests. 


(94). Mississippi Valley Structural Steel Co. tests 
on garage roof of 49-ft. span. 


(95). Bureau of Buildings, New York City, roof 
trusses tested at Brooklyn, New York. 


(96). Coplay Cement Co. shock tests. 
(97). University of Illinois, various tests. 
(98). Lloyd’s Bureau of Shipping. 

(99). Union Carbide tests. 


(100). American Bridge Co. roof trusses, 58 ft. 6 in. 
span, tested at Trenton Plant, December, 1927, for 
General Electric Co. 
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The Application of Oxygen and Hydrogen 


to Industrial Operations 


PART V 
ELECTRICAL APPARATUS USED IN THE PRODUCTION OF THE GASES 


By F. P. WILSON, JR. 
Manager’s Staff 


J. M. SCHMIDT 
Light, Heat, and Power Dept. 


Schenectady Works, General Electric Company 


article is operating in a plant that has the fol- 


"Ts electrical equipment described in this 
lowing annual gas producing capacity: 


OSG o 55 6 ee Sekai EA TEATES 24 million cu. ft. 
DiGi no ees nen E wes Ree RS 35 million cu. ft. 
PEGOSORER pick 64 ROK OEDRR METERS 32 million cu. ft. 


The connected electrical load when the plant is oper- 
ating at_normal capacity is approximately 750 kw., of 


TT aroi a 


Fig. 27. 


which 500 kw. is direct current and 250 kw. is alter- 
nating current. The direct-current load results from 
the operation of electrolytically decomposing water 
to produce oxygen and hydrogen. The alternating- 
current load is the total, occasioned by the drives of 
the following equipment: the compressors for deliver- 
ing the gases to the shop supply system, the oxygen, 
nitrogen, and liquid-air producing unit, and the 
various blowers. 

The value of the electrical apparatus represents 
approximately 50 per cent of the value of all the 
equipment installed; and the continued successful 
and economical operation of such a plant is vitally 
dependent upon the proper selection of the electrical 
equipment. 

The load-factor is practically 100 per cent due to 
the continuous operation of the plant 24 hours a day 
and 7 days a week, with a slight reduction in load 
on Sundays. 


The operating power is furnished to the plant 
switchboard at 550 volts, 60 cycles from an adjacent 
substation. From the switchboard the circuits are 
divided for three separate services, as follows: first, 
that for the operation of the various motor-driven 
compressors and auxiliary pumps and also of the 
electrically-heated nitrogen-purifying furnace; sec- 
ond, that for the electrolysis of water; and third, that 


The 75-hp. Synchronous Motor Drive of the Liquefaction-column Compressor 


for lighting and for the operation of the unit heater 
and ventilator motors. 

For the first requirement, a 550-volt three-phase 
power line extends from the main switchboard the 
length of the plant, each individual motor being 
connected to this line through a suitable fused safety 
switch. The motor driving the liquefaction column 
compressor is a 75-hp. synchronous motor with direct- 
connected exciter and is operated with a standard, 
automatic, reduced-voltage starting panel having 
push-button control. A synchronous motor was chosen 
for this duty in order to hold the compressor speed 
constant in spite of large variations in load. With this 
exception, squirrel-cage induction motors are used; 
the seven shop-line delivery compressors being 
equipped with motors that are capable of exerting 
high starting torque, a necessary requirement for 
automatic pressure control. As the largest of these 
motors is only 30 hp., the across-the-line starting 
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system of control is employed, in connection with 
either a thermal-limit fused cutout and line switch 
or a contactor equipment with thermal relays. The 
latter type of control equipment is necessary in the 
case of the shop-line delivery compressor motors as 
they are started and stopped by pressure-operated 


Fig. 28. One of the Shop-line Compressors and Two Hydrogen- 
nitrogen Mixers with Their Squirrel-cage Motor Drives 
and a Control Panel 


control switches which are in turn interlocked with 
limit switches on the various gas-storage tanks. 

A nitrogen purification furnace of 60 kv-a. is also 
operated from this circuit through a 550/110-volt, 
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temperature and general condition of the cells—from 
120 volts per bank of 50 cells at 25 deg. C. to 100 
volts per bank when the temperature has risen to 
approximately 60 deg. C. Also, a 10 per cent variation 
in voltage from the normal value required at any 
given temperature will vary the current approxi- 
mately 50 per cent. After being operated, these cells 
have a residual e.m.f. of approximately 75 volts per 
bank. Since any reversal of current through the cells 
would cause oxygen to be released in the hydrogen 
system, and vice versa, it is necessary that the 
voltage applied to each bank should always be of the 
correct polarity and preferably higher than the 
residual. At normal rating, each bank of cells will 
produce 31.6 cu. ft. of hydrogen and 15.8 cu. ft. of 
oxygen per clock hour, and the output of gas per 
kilowatt-hour of alternating-current power delivered 
to the conversion equipment is 7 cu. ft. for hydrogen 
and 3.5 cu. ft. for oxygen. 

The cells are isolated from the remainder of the 
plant in a room that is provided with ample ventilat- 
ing facilities. All switching is done in the adjoining 
dynamo room, a wire-glass window giving the switch- 
board operator a full view of the cells. The a-c.-d-c. 
conversion apparatus is also located in this room and 
is comprised of two motor-generator sets. Each set 
consists of a suitable 550-volt synchronous motordirect 
connected to a separately excited direct-current gen- 
erator rated 180/300 kw., 900 r.p.m., 90/150 volts. 


Fig. 29. The Two 300-kw. Motor-generator Sets, with Direct-connected Exciters, for 
Feeding the Electrolytic Cells (Another view is shown in the frontispiece) 


three-phase transformer and automatic temperature- 
control panel. 

The electrolysis of water is accomplished in two 
banks of electrolytic cells of the “tank” type, each 
bank being rated 2000 amp., and consisting of 50 cells 
in series. 

The voltage required to maintain the normal flow of 
current through this type of cell varies with the 


A direct-connected exciter on each set furnishes exci- 
tation for both the motor and the generator. 
Motor-generator sets were chosen instead of 
synchronous converters principally because of the 
voltage range desired. At the required rating, the 
initial cost of the two types of apparatus would have 
been about equal and it was regarded that the 
operating advantages of a motor-generator set more 
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than offset the slightly higher efficiency of a synchro- 
nous converter. 

The switchboard contains a panel for each gen- 
erator and for each bank of electrolytic cells, gen- 
erator No. 1 and cell bank No. 1 normally operating 
as a unit and separated from generator No. 2 and 
cell bank No. 2. In case of emergency, a bus-tie panel 
allows either generator to feed either bank of cells or 
both at reduced load. 

Each cell-bank panel consists of two single-pole 
overload circuit breakers equipped with undervoltage 
release coil that is designed to trip if the voltage falls 
below 85 volts and that is connected through a relay 
the contacts of which are closed only when potential 
of correct polarity is on the bus. Also the undervoltage 
trip of the right-hand breaker is so connected through 
an auxiliary switch that it cannot be reset unless the 
left-hand breaker is first closed. This makes it vir- 
tually impossible to close these breakers, or for them 
to remain closed, unless the bus voltage is higher than 
the residual voltage of the cell bank and is of the cor- 
rect polarity. Moisture-proof push buttons located in 
the cell room permit the breakers on either cell-bank 
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panel to be tripped from those points. The direct- 
current switches, breakers, conductors, etc. have a 
capacity for continuous operation at approximately 
50 per cent overload. 

All building lamps are mounted in vapor-proof 
globes and are fed from an auxiliary lighting trans- 
former which in turn is supplied directly from the 
incoming power lines. An auxiliary 6-volt lighting 
system supplies five 6-volt, 50-c.p. lamps placed at 
important points throughout the building. This 
circuit is fed from a 6-volt storage battery that is 
kept charged from either of the cell-bank circuits, 
In case the normal lighting circuit fails at any time. 
the auxiliary lighting circuit lamps are automatically 
switched on. A special 550-volt three-phase circuit is 
also run directly from the incoming lines to feed five 
unit-heater blowers. 

The undervoltage trip circuits of the generator, 
cell-bank, motor, and pump-line panels are all inter- 
locked so that by pushing an emergency trip button, 
one of which is located by each principal exit, all 
power in the building except the lighting and unit- 
heater motors will be shut off. 


(To be continued) 


New Pedestal-type Traffic Signal 


A new pedestal-type traffic 
signal, using lights in groups of 
three each on all four sides, 
has been designed to stand in 
the center of street intersec- 
tions, or for mounting on 
curbs. This signal differs prin- 
cipally from previous types in 
the design of the base and the 
length of the overhead fitting. 
Older types were mounted on 
a cast-iron base which, in turn, 
was mounted in concrete; con- 
sequently, in erecting it a form 
had to be made into which the 
concrete could be poured, and 
the signal base then fixed to 
the concrete. The new type in- 
corporates a form for the con- 
crete as part of its base, not 
only saving the time and labor 
of making a form but also mak- 
ing the signal and base an inte- 
gral unit and therefore less 
liable to breakage. 

An overhead fitting, used 
when the control and power 
circuits enter the signal from 


A New Pedestal-type Traffic Signal 


above, is a pipe through which 
these circuits are fed to the 
signal. Previously this was very 
short; but, with the new type, 
a four-foot fitting is available 
in addition to the standard 
6-inch type. Use of this fit- 
ting, however, is optional, as 
the control and power circuits 
may enter the signal from un- 
derground in accordance with 
the usual practice. 

Another improvement in de- 
sign is in the four pipes which 
support the signal on its base. - 
These have been shortened, 
bringing the signal indications 
more nearly into line of vision. 

The new signal may be ob- 
tained also in an adjustable 
form for use at street inter- 
sections where the angle of 
intersection is other than 90 de- 
grees. In the adjustable form, 
the signal faces are so arranged 
that they can be moved to any 
position, either greater or less 
than a right angle. 
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Vacuum Tubes as Oscillation Generators 
PART V 


VACUUM TUBES AS DRIVERS OF COUPLED OSCILLATING CIRCUITS — 
PRIMARY GRID COUPLED CIRCUITS 


By D. C. PRINCE and F. B. VOGDES 
Research Laboratory, General Electric Company 


HE circuit in which the output of a vacuum tube 
oscillator is to be used seldom has the proper 
constants to permit it to be directly connected 
to the tube as the oscillating circuit. For this reason 
two circuits are often used with a coupling between 
them. This arrangement is flexible enough to enable 
the circuit fed by the tube to present the required 
values of apparent resistance and reactance. The 
necessary voltages and currents will then appear 
next to the tube; and the circuit in which the power 
is to be used will also have the correct current and 
voltage demanded by the output. 

In introducing the flexibility of the coupled circuit 
arrangement, it is apparent that many design problems 
will be encountered. Moreover, it will be seen that 
these problems will be of a dual character because, 
first, it is necessary to show how a desired scheme of 
voltages and currents can be obtained in theory; and, 
second, it is necessary to show that in practice, the 
theoretical performance will be obtained, and not 
some other system of oscillations which may be 
possible with the same circuit. 


Properties of Coupled Oscillating Circuits 

In designing a coupled oscillating system, it is 
desirable to have considerable stored energy in the 
circuit next to the vacuum tube. If the volt-amperes 
in this circuit exceed 4r times the watts output, 
sinusoidal voltages and currents may be assumed 
throughout the system. The first part of the problem 
is then well in hand when the action of two coupled 
circuits driven by a source of power having a sinusoidal 
voltage is understood. At the same time the question 
of the stability of oscillations appears, but with the 
factors influencing it exposed so that it may be success- 
fully attacked. 

The general type of coupled oscillating circuit is 
shown in Fig. 35. Instead of having a radio-frequency 
transformer consisting of two coils with self-induc- 
tances Lı and L: and mutual-inductance M, there may 
be one coil with several taps giving an auto-trans- 
former arrangementor one coilcommon toboth circuits 
and other coils arranged so that each affects one cir- 
cuit only. In any case, the only difference is in the 
insulation between the circuits and between either 
circuit and ground. As far as the oscillations are 
concerned, one circuit may be just like another, for a 
given current in either circuit may be made to induce 


the same voltages in its own circuit and in that to 
which it is coupled regardless of the type of coupling 
used. In fact, the coupling arrangement may consist 
of a system of condensers without materially changing 
the problem. The scheme in Fig. 35 is, however, quite 
common in practice, and other circuits are con- 
veniently described in the nomenclature belonging 
to it, so it will be made the subject of present consider- 
ation. 

The analysis of a circuit of this type has already 
been made. © 

Referring to Fig. 35, the “apparent complex 
impedance of the primary circuit” is given by: 

Mu? ; M?w? 
Zp R: + j (X1— Za Xz) (1) 


R, R2 
M 
$ { 
C, C2 


Li 


Z’ =R,+ 


Fig. 35. The General Type of Coupled 


Oscillating Circuit 


where RK, and Rz are the primary and secondary 
resistances, X, and Xz: are the primary and secondary 
reactances, Z2 is the secondary impedance, M 
is the mutual inductance, and w is the angular 
velocity of the vectors representing the currents and 
voltages. 

The first and third terms on the right-hand side 
represent the impedance of the primary circuit in a 
form familiar in electrical theory. The second and 
fourth terms give the apparent impedance of the 
primary due to the presence of the secondary. 

The oscillator will tend to operate at frequencies 
for which the apparent total reactance of the primary 
is practically zero, the slight deviations being of the 
nature discussed in Part IV. Let it be assumed that 
the operating frequencies are those for which Z,’ has 
no reactive component, or that 


M +u)? 
Zr 
If it be attempted to solve this equation by sub- 


stituting in the values for X,, Xe, Z2, and so on, a mass 
of algebraic expressions results which is practically 


b= X2=0 (2) 


(§) Pierce: ‘Electric Oscillations and Electric Waves,” Chapter XI, pp. 156 
to 159. 
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impossible of solution and interpretation. A graphical 
solution of the problem, however, not only gives a 
clear picture of the nature of the phenomena involved, 
but also indicates the approximations to be made in 
order to get simple and accurate algebraic solutions of 
the problem under special conditions. 

In Fig. 36 is shown the method employed. The 
reactance of the primary inductance, wL, is propor- 
tional to the frequency and hence is represented by a 


straight line. The reactance of the condenser, == 

WU} 
is indicated by a hyperbolic curve and their sum 
gives a curve representing the true reactance of the 
primary. The point where it crosses the axis gives the 


Onms (+) —e 


Frequency —=— 4 


pei 
W Cy 


a—Cnms (-) 


Fig. 36. A Graphical Representation of the Equation 


Applying to Coupled Circuits 


conditions for zero reactance and represents the 
frequency at which the circuit would oscillate by 
itself. The apparent reactance of the primary due to 
M?w? 

Xo, 

LZ? 

and this is also plotted in Fig. 36. The sign-of this 
term has been reversed in plotting it, hence, the inter- 
sections of this curve with that giving the reactance 
of the primary itself will show the conditions for which 
the apparent total reactance of the primary is zero. 
The curves may intersect only once, or three times, as 
shown. In the latter case, there are two frequencies 
at which stable oscillations can take place and one 
frequency for which the oscillations are unstable and 
require special means for their maintenance. The 
unstable frequency is the intermediate one, for any 
variation of the frequency results in a change occa- 
sioned by the secondary in the apparent reactance 
of the primary which is opposite in sign and greater 
in magnitude than the change occurring in the primary 
itself. The latter change is, of course, in the direction 
of stability; hence the total change is such that a 
variation in the frequency results in a change in 


the secondary is given by the expression — 


389 


reactance causing further change in the same direction. 
At the other two frequencies, both primary and 
secondary react to frequency variations in such a way 
that both produce changes in the apparent primary 
reactance opposing the variations. 

The apparent resistance of the primary due to the 


M? 
secondary ( cE Rs) peaks sharply at the resonant 
2 


frequency of the secondary and is relatively very 
small at other frequencies. Hence, each of the three 
frequencies giving zero apparent primary reactance 
has a corresponding resistance different from the 
others. If no means are used to cause the oscillations 
to occur at any particular frequency, they will usually 
pick the stable frequency corresponding to the lowest 
resistance which, of course, represents the smallest 
secondary current and power output. 

The curves shown in Fig. 36, which were calculated 
from an assumed set of values picked to show the 
general form of the curves, are far from representative 
of practice; in fact, they show an inoperative set of 
conditions because the primary inductive and capacity 
reactances are not great enough for proper flywheel 
effect. In practice, the interesting part of the curves 
occurs in a very narrow range of frequency as shown 
in Fig. 37. The primary reactance may be represented 
by a straight line over the range considered, and the 
reactance of either the primary inductance or capacity 
is far too large to be shown. 


Single-frequency Conditions 

In the manufacture of radio-frequency apparatus, 
the primary oscillating circuit is usually considered 
a part of the set to be supplied by the manufacturer 
while the secondary circuit is the user’s antenna 
or other load. It is desirable that the connec- 
tions between the two be limited in number and 
as simple as possible, for trouble at this point is 
certain to lead to misunderstandings. As a result, 
manufacturers are somewhat limited in the schemes 
which may be employed to insure operation at a 
certain frequency when other frequencies are also 
possible. The conditions, then, which result in there 
being only one frequency giving zero apparent primary 
reactance are of considerable practical importance. 
It is possible to fulfill the necessary conditions 
in two ways. The intersection of the two reactance 
curves may be made to fall in the ‘‘central”’ section of 
the curve showing the apparent primary reactance 
due to the secondary as at A, Fig. 38, or it may fall 
in either of the “end” sections as at B or C. In the 
latter case, the apparent primary resistance will be 
too low for any practical use because of the small 
secondary current. The useful case, then, is that shown 
as A. In order to have an intersection at this point 
without the other two, it is necessary that the slope 
of the curve giving the apparent primary reactance 
due to the secondary be less than the slope of the 
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reactance curve of the primary itself. Taking the 
derivatives of the equations of both curves, there 
results (® 
27,32 2 
d (= xa) 9M 1h 
Z: Zè 


and equating them for the limiting case gives 


Mw)? 
i= La 
1 Ze 
As both circuits are tuned to resonance at the fre- 
quency of operation, the volt-amperes in the primary 


(3) 


24 


Primary Reectance Curves for 
Primary Tuning Frequencies 


Frequency (Per cont) 


Fig. 37. Characteristics of a Large Multiple-tuned Antenna 
_ Ohms coupling are at 100 per cent frequency (18,300 Cycles). Coupling 
is to one of six tuning coils. 
Antenna capacity, 0.053 mfd.; resistance, 0.5 ohm.; reactance, 164.2 
ohms at 100 per cent frequency. 
Reactance of primary condenser, 35.2 ohms at 100 per cent frequency. 


will be J,;27wL; and in the secondary I,*wl,. The 
I wM 
2 
Substituting this in the expression for the secondary 
volt-amperes and using also Equation (3) results in 
2 
£ = wls= ToL, (4) 


secondary voltage will be IıwM and the current 


Ifwl,= 


Hence, satisfactory stable operation with only one 
possible frequency can be obtained if the volt- 
amperes in the primary circuit are equal to or exceed 
those in the secondary. All that is necessary is to tune 
both circuits separately to the desired frequency and 
provide the proper amount of coupling between them. 


Separation of Resonant Frequencies 
The curves in Fig. 37, calculated from an actual set 
of conditions met in practice, illustrate in what a 


(*)For this case X: =0 and, therefore, ae =( leaving Z: to be treated as 


1 
d ( ) d 
a constant. Also a (wks) -= Aa giving axe =2 Ls. 
dw d w dw 
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small frequency range all three frequencies giving a 
zero value of apparent primary reactance are apt to 
lie. This makes possible a set of assumptions by means 
of which many useful calculations can be made. 

Let it be assumed that both primary and secondary 
circuits are tuned separately to correspond to an 
angular velocity w’ and that the three frequencies are 
expressed in terms of variations from this of Aw. The 
frequency changes so little that a coupling of constant 
ohmic reactance will be assumed, that is, Mw will be 
taken as equal to 7, a constant. Each inductance will 
change its reactance by an amount equal to L (Aw) 
and for small values of Aw the capacities will 
change their reactances by an equal amount in the 
opposite direction. Hence the reactances of pri- 
mary and secondary will be given by 2 Lı (Aw) 
and 2 L (Aw) respectively. Substituting these values 


Onms 


Fig. 38. A Graph Showing Conditions which Give Only 
One Possible Frequency of Oscillation 


in Equation (2), it is seen that for zero apparent 
primary reactance 


4 Lë (Aw) +R? 


Solving for Aw results in 


Aw=0 and Aw = +1 (5) 
Two of these roots may be imaginary, in which case 


there will be only one wavelength. The necessary 
condition is 


(6) 


Inspection shows Equations (6) and (3) to be 
equivalent, for under the assumed conditions 2.e., 
both circuits having zero reactance, Z, is equal to R: 
and Mw is equal to T. 


Power Transferred at the Stable Frequencies 

It is interesting to see the power transferred at the 
“side,” or stable, frequencies. The secondary impe- 
dance will be 


Z= V4 Lè (Aw)?+R;? (7) 


which by substituting the value of Aw, as given by 
Equation (5), is reduced to 


Z= i (8) 
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The secondary impedance is, therefore, proportional 
to the coupling throughout the range in which the 
operation will not be at the resonant frequency of the 
two circuits and, if the primary current is assumed 
constant, the secondary current and output will re- 
main constant and will not increase with an increase in 
the coupling. Hence, the available output is limited 
to that obtained with the largest coupling giving 
stable operation at the resonant frequency, as given 
by Equation (6). Throughout the range wherein only 
the resonant frequency of the separate circuits is 
obtained, the output is, of course, proportional to the 
square of the coupling. 


Apparent 
Resistance 
of Primar 


of Primary 


Reactance of Primary 
Without Secondary 


120000 


110000 
Radians per Second 


Fig. 39. A Graph of Total Apparent Primary 
Reactance and Resistance 


In this particular case, however, there are limits 
imposed by the fact that both circuits are tuned to 
the same frequency. If the circuits are tuned to 
different frequencies, it is possible to transfer much 
more power. One “side” frequency is then nearer the 
secondary resonant frequency than before and the 
other is farther away. If it is possible to operate at 
the frequency nearer the secondary resonant fre- 
quency, the output will be increased. Figs. 36 and 37 
both illustrate this point. 


Minimum Frequency Difference with Stability 

Instead of plotting the curves of primary reactance 
and apparent primary reactance due to the secondary 
separately, and with the sign of the latter reversed 
as in Figs. 36 and 37, it is possible to add the two 
and plot the resultant as in Fig. 39. The points Aj, 
Ag, and A3, where this curve crosses the axis, then 
represent the three frequencies of oscillation. A 
change in the primary reactance may be taken care 
of by shifting the axis, when a series of points such as 
Bı, Be, and B; will represent the frequencies giving 
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zero reactance. The section of the curve lying between 
the maximum and minimum points is the unstable 
range. These points will not correspond with those 
obtained from the curve due to the effect of the 
secondary alone, but the error involved in assuming 
them the same may be neglected when the value of 
the secondary volt-amperes is large compared with 
that in the primary. In any case, the error is of a 
conservative nature if the unstable range is calculated 
from the effect of the secondary alone. With such an 
assumption, it is not difficult to set the approximate 
limits of the range of instability. 
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Fig. 40. Resonance Curves for a Coupled Oscillating System 
with Grid of Pliotron Connected to Primary 
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Let the coupling in ohms be represented by the 
transformer constant T as before, neglecting the 
slight change which occurs, and let the separation 
between the angular velocities corresponding to the 
maximum and minimum points and the resonant — 
frequency of the secondary be denoted by wp. Also, 
let the secondary reactance be denoted by 2 wol, 
using the same approximation as before. Then the 
apparent primary reactance due to the secondary will 
be, by Equation (2), at C Lw) (2 Lawo) 

R? + (2 Lawo)? 
tive of this with respect to wo will give the desired 
points when equated to zero, t,e., when 


d [ T? - (2 Lawo) =0 
dw LR: + (2 Lrwo)? 

The term 2 LT? is a constant and may be dropped; 
and after differentiation there results 


(R?+4 Lèw?) -!— 8 Lw? (Rè+4 Lèw) =0 
and this is satisfied when 


and the deriva- 


(9) 
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To allow a safe margin for stability, a slightly 
larger value of wo should be used, say 
| aes 

4 Lr 

It will be seen from the considerations presented in 
this connection that high-frequency oscillator circuits 
must of necessity vary in their form according to the 
constants of the circuit to which they have to supply 
power. This is because of the manner in which the 
reactance in the load circuit can act on the oscillating 
circuit to change its behavior, an action which can be 
prevented or compensated for in various ways de- 
pending on the individual case. Complete oscillating 
systems of several forms will be dealt with in the 
sections immediately following. 


Wo (10) 


PRIMARY GRID COUPLED CIRCUITS 

It has just been shown that, if the secondary volt- 
amperes in a coupled oscillating system are less than 
those in the primary, the circuits can both be tuned 
to the same frequency with no possibility of the 
system oscillating in any but the intended manner. 
The secondary will cause an apparent resistance within 
the primary coil to which it is coupled, but this will be 
the sole effect. Hence, the primary circuit will be 
designed as though the load resistance were in a 
certain coil, and this coil will then be coupled with 
the secondary in such a manner that the induced 
secondary voltage will be sufficient to send the 
desired current through the secondary resistance. 

If the secondary volt-amperes are of a value 
greater than is feasible to supply in the primary, it 
will be necessary to operate at one of the group of 
three frequencies giving zero as the apparent primary 
reactance, although this will be the stable frequency 
at which the tube will not normally operate because 
the power developed is much greater than on the 
other stable frequency. The curves shown in Fig. 40, 
which were obtained from test data, illustrate the 
difficulty involved. 

The circuit in connection with which these curves 
were obtained is shown in Fig. 41. In the secondary 
circuit, the inductance consists of two coils in parallel 
with coupling to only one. This corresponds to the 
conditions met in large multiple-tuned antennas 
where coupling to only one out of five or six tuning 
coils is possible. The constants of these antennas are 
usually such, however, that the current division among 
the coils is not seriously disturbed by this irregularity, 
and the components of the impedance at the coupling 
point are obtained by dividing the watts and volt- 
amperes to be supplied by the square of the current in 
that coil. By proceeding along this line, it is found 
that the effect on the primary is substantially the 
same as though only one secondary inductance were 
used. 

The primary circuit shown in Fig. 41 is of the 
Colpitts type with a small variable capacity in addi- 
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tion to the plate and grid condensers. The function of 
this is to allow the tuning of the primary circuit to be 
varied continuously over a range such that its reso- 
nant frequency may be made greater or less than the 
resonant frequency of the secondary by itself. With a 
coupling between the circuits so loose that, even 
though they be tuned to the same frequency, the 
primary volt-amperes will exceed those in the sec- 
ondary, the characteristics are what might be expected. 
The secondary current rises to a sharp peak at the 
condenser setting giving its resonant frequency, and 
the secondary has such a slight effect on the primary 
as to pass almost unnoticed. 

With a close coupling between the primary and 
secondary, the curves of circuit performance will be 
found to have a peculiar characteristic. Starting witha 
certain value of primary capacity, it is possible to 


Cy Uù h by 


Fig. 41. The Diagram of the Circuit Used in Obtaining 
Data for the Curves in Fig. 40. The grid leak 
resistance and its choke are not indicated 


change this and later duplicate the original conditions 
by returning to the original setting of the condenser 
provided a certain value is not passed. When this is 
done, there is an abrupt change in the nature of the 
oscillations which then follow an entirely different set 
of curves and refuse to conform to the original condi- 
tions upon again adjusting the condenser to the 
setting at which the transition took place. There is, 
however, another value of primary capacity at which a 
similar transition is made back to the original operat- 
ing conditions. This results in a peculiar, looped set of 
curves which some investigators have termed “drag 
loops.” 

The reason for the existence of such a phenomenon 
is not difficult to understand. Suppose that the 
primary tuning is so far removed from that of the 
secondary that oscillations of only one frequency can 
occur. As the primary frequency is made to approach 
that of the secondary, a point will be reached at 
which the primary reactance curve will have three 
intersections with the curve representing the effect 
due to the secondary. Two stable frequencies of 
oscillation are then possible, but the one obtained by 
the uniform change of the primary capacity will 
persist until the curve of primary reactance has 
passed through the values giving three intersections 
and is about to enter the other range where only one 


intersection can be obtained. At this point the pre- 


vailing oscillations become unstable and are replaced 
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by those of the other stable frequency. Once this 
frequency is in control, the changes follow a second 
set of curves until, on the return of the primary 
frequency to the other limit giving three intersections 
of the reactance curves, the oscillations again become 
unstable and a transition occurs to the original set of 
curves. 

If an attempt is made to start the circuit with the 
variable condenser set in the range for which two 
frequencies are possible, it is almost certain to pick 
the one for which the output is the smallest unless 
the outputs at the two frequencies do not differ 
widely. Thus, it will be seen that the real problem in 
primary-grid-coupled circuits is in starting them, 
and “keying” them when used for radio telegraph sets. 


Simultaneous Operation at Two Frequencies 

If the grid excitation of a tube is such that a con- 
tinuous plate current is drawn, it is possible to main- 
tain oscillations at several frequencies simultaneously. 
Assume that a sinusoidal variation in the grid poten- 
tial produces a sinusoidal change in plate current. 
The plate voltage also will vary sinusoidally and the 
tube’s performance may be analyzed in such a way 
that it can be considered to have a negative resistance 
to the alternating component of plate current. That is, 
the oscillating circuit has a sinusoidal voltage which is 
applied in proper magnitude and phase to both grid 
and plate, and, if a sinusoidal variation in plate 
current results, the value obtained by dividing the 
sinusoidal component of the plate voltage by the 
sinusoidal component of the plate current may be 
termed the negative resistance of the tube. For steady 
operating conditions, the negative resistance of the 
tube must be equal to the positive resistance of the 
circuit measured between the points to which it is 
connected. The negative resistance of a tube may be 


Fig. 42. A Diagram of Connections Used for Eliminating an 
Undesired Oscillation Frequency by Grid Phasing 


made fairly constant until oscillations of a certain 
magnitude are reached, when the assumed conditions 
will no longer hold and the negative resistance will 
increase. Thus the amplitude of the oscillations is 
fixed in practice; for there will be only one value for 
which tube negative resistance and circuit resistance 
are equal. Highly efficient circuits draw current for 
only a small part of the cycle, and hence the tube’s 
negative resistance will be much higher under steady 
conditions than when the oscillations are building up 
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at the start. This is largely due to the grid bias 
voltage which requires some time to build up, during 
which interval the plate current flows for a larger 
portion of the cycle. In such circuits one predominant 
set of oscillations will usually so increase the effective 
negative resistance of a tube for oscillations of any 
other frequency that they will be unable to get started. 
Circuits might easily be arranged, however, so that 
this would not be the case, and then oscillations would 
be simultaneously obtained at several different 
frequencies. 


ep Cp Cp 
e 
eg €g 
(A) (B) (C) 


Fig. 43. Grid Excitation Phases Obtained with the 
Circuit Shown in Fig. 42 


If multiply-periodic circuits are to operate at one 
frequency without oscillations at other possible 
frequencies, it is important that nothing be permitted 
to disturb the operation. Any disturbance may in- 
crease the chance of the undesirable oscillations to 
take hold by decreasing the effective negative resist- 
ance of the tube for this frequency, and, as undesirable 
oscillations usually occur with small output, the 
resistance does not have to decrease very much 
before the undesired oscillations become the ones 
favored by the tube. Hence, “keying” of radio sets 
must be more or less “smooth” if they are multiply- 
periodic. One scheme which is readily apparent is to 
change the tuning of the circuits by manipulating the 
key. This is not altogether desirable, however, because 
of the interference caused by the radiation of the 
“idle” wave. 


Grid Keying 

The simplest keying for a telegraph set is that in 
which the desired end is obtained by working in the 
grid circuit, because both power and voltage are 
relatively low. If control of the grid circuit could be 
made to change the strength of the oscillations with- 
out danger of shifting to undesirable frequencies, this 
would be very satisfactory. Low-power oscillations of 
the desired frequency could be maintained during the 
“off”? periods and brought up to full strength during 
the “on” periods. 

It has been suggested that the value of the grid 
leak resistance might be increased to reduce the 
amplitude of the oscillations. Without entering into an 
extended consideration of the oscillating charac- 
teristics of a tube under these conditions, it is apparent 
that oscillations will take place, for the commence- 
ment of oscillations takes place when there is no 
charge on the grid condenser and the grid resist- 
ance is, therefore, immaterial. The amplitude of the 
oscillations will be small, because the plate current is 
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roughly proportional to the grid current, and the grid 
current is kept small by the high leak resistance. 
Since the oscillation amplitude is small, the grid bias 
must be small, as there would otherwise be no grid 
current to maintain the bias. An approximate deter- 
mination of the tube loss can be made by assuming no 
oscillations at all, which is the limiting case. The plate 
potential is then the direct potential, and the grid is 
at ground potential. This condition eliminates all low- 
impedance tubes which are destroyed quickly by full 
impressed plate voltage with grid at ground potential. 
There are probably no high-voltage oscillator tubes 
made which can stand full plate voltage with grounded 
grid for any considerable time. 


A second scheme would be to reduce the oscillation 
amplitude by external bias. This means is subject to 
the objection that an external bias circuit is not self- 
starting and oscillations reduced to a low value might 
cease altogether, due to some small change in im- 
pressed voltage. A better way of obtaining a bias 
would be to insert a resistance in the filament ground 
lead and use the voltage drop caused by the plate 
current. 


Elimination of One Frequency by Grid Phasing 


If the coupling is such as to give two oscillating 
frequencies, which are fairly well separated, the 
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undesired frequency may be discriminated against by 
the adjustments of the circuit. One way of accomplish- 
ing this result is as follows: Referring to Fig. 42, the 
grid circuit is seen to be inductively coupled to the 
primary or plate circuit and is tuned to resonate at a 
frequency between the operating points of the main 
coupled circuit. For the lower frequency, then, the 
grid excitation is shown in Fig. 43(A), these phases 
being correct for oscillation. At the resonant frequency 
of the grid circuit, the vectors are as shown in Fig. 
43(B). Grid and plate voltages are in quadrature, and 
oscillations are not maintained. At the second resonant 
point of the main circuit, the vectors are as shown in 
Fig. 43(C). Here the grid excitation actually opposes 
any oscillations at that frequency. 

With such an arrangement, although the main 
circuit is doubly periodic, oscillations at the undesired 
frequency are opposed. It is of course necessary to 
have the grid coupling loose enough so as not to give 
rise to still further undesirable resonant points. 

Enough has been said to show the problems con- 
nected with doubly-periodic circuits in which the 
grid is connected to the primary. Further interesting 
examples ™ might be given, but this type of circuit 
is too elaborate to find much use in practice so they 
will be omitted. 


(1) ‘*Vacuum Tubes as Power Oscillators,” Part fas by D. C. Prince, 
Proceedings of Institute of Radio Engineers, August, 1 923, 


(To be continued) 


New Railway Signal Choke Coils 


A new choke coil has been designed for location 
between the lightning arresters and the transformers 
on railway signal high-voltage power lines so that an 
incoming surge will first meet the arrester and then the 
choke coil. The functions of the choke coil are: (a) to 
hold back thelightning disturbance from the apparatus 
until the arrester has had time to discharge, and (b) 


Hh 


i 


to reduce the wave front of whatever part of the dis- 
turbance passes through the coil, thereby preventing 
serious rise in potential across the end turns of the 
transformers or other apparatus to be protected. 

As the current requirements in railway-signal 
service are unusually small, it was found possible 
to utilize double-galvanized iron wire as the conductor 
in the coil without sacrificing efficiency. This wire 
is equally as effective as copper wire, it costs less, and 
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yet is durable and weather-resisting. The coil con- 
sists of 24 turns of No. 6 wire mounted between 
treated maple supports for turn-to-turn bracing. The 
supports are secured to brass terminal blocks to which 
the ends of the coil are attached. 

Since the coil weighs but 434 1b., an insulator 
support is unnecessary and it is permissible to sus- 
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pend the coil from the transmission line by means 
of the lead wire. This wire and the wire connecting 
the coil to the transformer are fastened to the respec- 
tive ends of the coil by wrapping the wire around the 
grooved portion of the terminal block and inserting 
the end of the wire in the terminal hole where it is 
secured by set screws. 

The new coil is designed for a maximum voltage of 
25,000, and a maximum current of 25 amp. 
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Heaviside’s Operational Calculus as Applied 
to Engineering and Physics 


Part XXI: 
Cable—Green’s Function. 


Effect of Electric Charges Applied at Points of a Transmission Line or 


Part XXII: Disconnecting a Cable and Discharging a Cable 


By DR. ERNST JULIUS BERG 


Consulting Engineer, General Electric Company 
Professor of Electrical Engineering, Union College 


Fig. 43 shows a point charge Q applied to a trans- 
mission wire. The problem is to find the potential 
difference between wire and ground after the charge 
has been applied. 

Since we are dealing with ‘‘distributed’’ constants 
the general equations given in Part XV apply. 

For the right-hand side: 


Vi=K, cosh n (l—y)+ Ke sinh n (l—y) 
== [Ki sinh n (l—y)+K: cosh n (l—y)]. 


Since for y=l1, ù =0 and therefore K:=0 


'. Vi= K, cosh n (l—y) 
and 


ra Kahat 
n 


Vi 


For the left-hand side: 
V2= K; cosh ny+ K, sinh ny 


bel K sinh iy EK eos Hp). 
n 


For y=0, 72=0 and therefore K,=0 
2 V= K; cosh ny 
and 
t= LR: sinh ny. 
n 
For Y=D,utn=1=pQ4 


pQ represents a current since Q= f} idt = t and we 


have perfect right to put the unit symbol after pQ 
because the current must be impulsive. Before the 
charge is applied there is no current in the wire and, 
since the wire itself is no source of current, as much 
current flows out of a section as flows in, thus at any 
time after t=0 at point D, i= —t or +i =0. 


At t=0, however, there is an inrush of current 
due to the application of the charge. This inrush 
which is 2=2,:+72 is thus of impulsive nature; it is 
zero before and after t=0 and is infinite during an 
infinitely short time at t=0. Yet it is definite because 


fidtiso; thatis, * =Q. 

Since utpr=pQ 4, 
A [Ki sinh n (I—D)+Ks sinh nD] = 9Q 4. 
n 


This is satisfied if 
=a pon, 
Vi= Te cosh n (I—y) a (94) 
V= cosh » (!—D) cosh ny PX “re 7 (95) 


sinh nl 


In the case of a cable without leakage and induc- 
tance, Y =pC and the edualiens become 


= cosh nD cosh n (l— I) nQ 4 (96) 
sinh nl 
cosh n (I—D) nQ 
Vas ee h 2 
i sinh nl pd C d (87) 


Heaviside gives a large number of similar problems, 
all of which can readily be solved in a manner similar 
to that just indicated. 

It may be instructive to solve one of these equa- 
tions. Find for instance Vj, the potential on the 
right-hand side, in the case of an “ideal” cable. 

Equation (96) rewritten with trigonometric rela- 
tions is: 
cos mD cos m (l—y) jm Q 


Y= —— 4, Si —m = 
j sin ml C ee es a 
_ m COS mD cs m (l—y) O14 
C sin ml 
Zıp) =0 gives roots ml=sz or m= 
l 


-m= pCR 


also 


396 July, 1928 


2 
Thu too as and pon e 
dp CRP 2ST 2 
Y Q 
Y,.,=(—1)* cos mD cos my € , — = 
(p) (—1)* cos m mI- Zo =z 


Sr? 
V= Z [it 2 cos my cos mD Ca | 
$= 


The equation for V} becomes identical with that of 
Vi as can be seen from Equations (96) and (97). 
They are alike if we interchange y and D. The values 
of V; and V: differ however numerically since in the 
first case y is always larger than D, and in the second 
it is smaller. 


Thus in this case 


G Oean n € -enn ] (98) 


This equation holds for both sides. 


For certain reasons it is well to study two more 
cases where a charge is suddenly applied to a point 
in a transmission-line wire. 

For this purpose we shall consider a wire which is 
grounded at both ends as in Fig. 44. 

Here, the procedure is similar to that which has 
been described, and the following operational equa- 
tions are readily obtained 


ee Sa) “te 1 
sinh nl 


V= (99) 


an C e “ee 4 


V= 
sinh ni 


(100) 


When these equations are solved for the conditions 
of an ‘“‘ideal” cable by the Expansion Theorem we 
find: 

s moo 


u-2> sin “F sin ~~ 


s=] 


Deea A0 


and V: identical with V, as far as the general equa- 
tion is concerned. Obviously, however, the values of 


y in the first case are larger than D, and in the second 


are smaller. 


In this case, then, 


(102) 


sD ate] 
—— €E CRP 


This relation holds for the entire line. 


A third similar case is shown in Fig. 45. The left- 
hand side is here grounded and the right-hand side 
open circuited. 
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Here the operational equations become 


y, = sinh nD cosh n (l—y) pnd , 


cosh zl Y 
sinh ny cosh n (I—D) pnQ 
V = ——— a E1 
cosh nl Y 


The two expressions are identical if y and D are 
interchanged. 


The solution will again be the same for both 
sides, so that the potential at any point is 


D) . (=: ) (2s 1)? xf 
sin —y)e 4 CRP 
2 | 


(103) 


s =o 


v-a i (27 


V2 Q V1 
i 
f 
L-y=D—# 
Fig. 45 
Fig. 46 


In all three cases there is no potential on the line 
at t=0 except at the point y=D where it is infinity 
because a finite charge is given to a pout of infinitely 
small capacity. 


A graph indicating the physical significance of these 
equations when they are used to express arbitrary 
functions is given in Fig. 46. They are very useful 
when for instance we are dealing with space dis- 
tributions of charges, and they are similar to Du- 
hamel’s integral when time distributions are involved. 
It is to be noted therefore that these equations repre- 
sent an impulsive function similar to p 47 with the 
difference that the variable is y instead of t. 


When we integrate p 4 we get back to the unit 
eae | 
function, that is, F p 4=41. So here the space total 


is 12 
C 


The three Equations (98), (102), and (103) when 
Q 


C is taken as unity are special types of Green’s func- 


tions which are exceedingly useful to express arbitrary 


HEAVISIDE’S OPERATIONAL CALCULUS 


functions in trigonometric series. © We shall denote 


them by G. 


Thus 
s o0 
1 ST ST 
z E > reed cos zn] 


sml 
s mooo 
== X sin 22 Si = 
=] 
S$ = oO 
=? Dal 2s — 0 
sml 
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Every Fourier’s series involves one form of these. An 
infinite number can be worked out by assuming dif- 
ferent terminal arrangements. 

Each Green’s function is an impulsive function. 

If we multiply a continuous function of D say 
f(D) by a Green’s function, which is an impulsive 
function that exists only at D=y, the product is 
zero except at that point where it is infinite. But, 
if we take the space total of the product: G f(D), 
the result is f(y) because G exists only at D=y and 
its total is 1. 


Thus f G f(D) dD =f(y) if the limits include the 
point D =y. If not, the result is zero. 


PART XXII: DISCONNECTING A CABLE AND DISCHARGING A CABLE 


Disconnecting a Cable 
Before the switch is opened, the current is, in this 
example, Fig. 47, assumed to have reached its steady 


E 
state, that is, I= — in all parts of the cable. After 


Rl 
the switch is opened, the current at the switch is zero. 
If, therefore, we determine the expression for 
some peculiar e.m.f. impressed at the generator 
such that at the generator the current is constant, 
equaling —I at all times after closing the switch, 
then the sum of the original current and the current 
caused by this peculiar e.m.f. will obviously be the 
current in any part of the cable. 


A 


Fig. 47 


It has been shown that with the receiving end of a 
cable grounded 
sinh nx 


Te inh nl 

d ._ Y cosh nx 

igi Ta ‘sinh ni 
Y cosh nl 


(P 
E n sinh nl 


.1,= 
The peculiar e.m.f. which makes tî, = — T4 is then 
_ _ nsinh al 


“8 YY cosh nl 


and thus the current in any part of the cable due to 
this e.m.f. is: 


cosh nx 
cosh nl 


(8) Heaviside gives a most interesting gi on this subject in his 
treatise on the Electro-magnetic Theory, II, p. 99. 

An analogue between pure mathematics and the operational mathe- 
py of Heaviside by means of the theory of H functions was prepared by 
K Fie mith and appeared in the Journal of the Frankiin Institute, 

ov., 


Y cosh nx n sinh nl 
n sinh nl Y coshnl 


I4 (104) 


The total current is then 


isiti- 2 
cosh nl 
-Ef _ cosh nx | 
cosh ar 


At the end of the line x=0 


Eh 
RI cosh nl 


a 1, = 


1) = — ——_J=- 
cosh nl 


Problem 


Find the current at the erounare end of an “ideal” 
cable. 


Refer to Equation (104) for x=0 


= I 
~~ cosh nl 
Yep =1 
Zp =cosh nl=cos ml 
where —m?=n?=pCR 
dZ dZ dm ml 
dp dm dp Ta sin ml 
Yo 1 _ 
Zo cos0 
21 ef 
ae -[#+ Dae mg —ml sin ml 
Zp) =0 gives cosml=0 .°. ml=—, > oe fr 
or 
ml = ae m 
2 
= c 
Pre ; Aun 
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s=% a When e.m.f.—E7 is applied at t=#,, the current is 
ap =e in ot! aT, BT, | obviously 
1n 0 
z EN EA) 
E; ae Rl 2 l 
n it=I +i = ia ge (105) r 
ee art ETS ein He 
5 ET Rl 2 l 
where a= (=) . | ge at 
2 / CRE 2st ave t 
Scare a) 
Be i | | 2 y sin 2 77 
At #=0 the current is Rr quation (105) gives D aie $ 


is well known. 


Fig. 48 


Discharging a Charged Cable 

Referring now to Fig. 48, switch a is closed from 
t=0 to t=t,, at which time switch b is closed. Find 
the current in the cable. Short circuiting the battery 
means that the impressed e.m.f. is zero at time t. 
This again is equivalent to leaving the original 
ening on, but applying a battery of Separe = =| xe 1)" cos (sx* Jen 
—E1 at time t=. The total current is then the 


The corresponding solution, if the cable were con- 
nected to earth at the receiving end, is easily found 
to be 


sum of the currents due to ape ee e.m.f. z = 9 a (s-=) al | 
Current due to E 4 =i;=—E—— 1 =E —4, as 
n cosh nl Zip) where 
is shown in Equation (56). sîr? 
This is readily solved by the Expansion Theorem, a= Epp 
which gives i= b? (—1)* sin =, =) Pa A similar problem has been worked out at the 


end of Part XV. 


(To be continued) 


Lighting for Alighting 


A Night View of the Madison (Wis.) Airport. Illumination is produced by seven 120-deg. airport floodlights 
in connection with seventeen boundary lights and one 24-in. rotating airport beacon 


mm TIRRARY SECTION ` 
LIBRARY SECTION 


Condensed references to some of the more important recent 
articles in the technical press, and to new books of interest to 
the industry, as selected by the General Electric Main Library. 
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Arc Welding 
a oer Welded Steel Construction. Gilbert 
. Fish. 
Am. Weld. Soc. Jour., Mar., 1928: v. 7, pp. 10-19. 
Welds of Extreme Ductility Produced by “Electronic 
Tornado Process.” A. F. Davis. 
Am. Weld. Soc. Jour., Mar., 1928; v. 7, pp. 49-52. 


Cars, Gas-Electric 
What the Gas-Electric Car Means to the Railroads. 
Stinemetz. 
Rwy. Age, Mar. 31, 1928; v. 84, pp. 753-755. 
(“An outline of limitations and possibilities, sup- 
ported by performance records. ’’) 


W.R. 


Dielectric Phenomena 


Effect of Curved Boundaries on the Distribution of Elec- 
trical Stress Round Conductors. J. D. Cockcroft. 
I. E. E. Jour., Apr., 1928; v. 66, pp. 385-409. 

(“An attempt at an exact mathematical investigation 
of the electrical stress distribution round certain 
systems of conductors which are met with in 
practice.) 


Electric Drive—Steel Mills 
Cold-Rolling of Strip Steel. H. C. Uhl. 
Iron & St. Engr., Apr., 1928; v. 5, pp. 171-177. 
(Explains the machinery and processes used, including 
the electric drive equipment.) 
Electric Heating, Industrial 


Study of the Requirements of Electrically Heated Melting 
Pots for Soft Metals. P. H. Clark and A. N. 


Otis. 
Ind. Engng., Apr., 1928; v. 86, pp. 177-180, 188. 
Electric Lighting— Aviation 
Airport Lighting Makes Schedule Flying Possible at Night. 
Elec. Rec., Apr., 1928; v. 43, pp. 427-429. 
Excess Voltage 


Transmission Line Surges and Their Effect on Operation. 
Joseph H. Cox. 
Elec. Lt. & Pr., Apr., 1928; v. 6, pp. 24-27. 
(Presents ‘‘a study of voltage surges by means of the 
klydonograph.”’ Serial.) 


Governors 


Fluid Governors for Prime Movers. 
Elec. Jour., 
(Serial.) 


Hydroelectric Plants 


Heating Trash Rack Bars Electrically. C. R. Reid. 
Elec. News, Mar. 15, 1928; v. 37, pp. 29-32. 
(Describes an electric heating method for combating 
frazil ice at hydroelectric plants.) 


Henry F. Schmidt. 
Apr., 1928; v. 25, pp. 168-171. 


Ionic Theory 


A Few Remarks on the Problem of the Recombination of 
Positive Ions and Electrons. J. Franck. 
Franklin Inst. Jour., Apr., 1928; v. 205, pp. 473-479. 


Lightning Protection 
Effect of Grounded Neutral on the Efficiency of Lightning 
Protection Equipment. K. B. McEachron. 
Iron & St. Engr., Apr., 1928; v. 5, pp. 160-163. 


Radio Engineering— Measurements and Testing 


Bridge Method for the Measurement of Inter-Electrode 
Admittance in Vacuum Tubes. E. T. Hoch. 
Inst. Radio Engrs. Proc., Apr., 1928; v. 16, pp. 487- 493. 


Direct-Capacity Bridge for Vacuum-Tube Measurements. 


Lincoln Walsh. 
Inst. Radio Engrs. Proc., Apr., 1928; v. 16, pp. 482-486. 


Ship Propulsion, Electric 
U. S. Aircraft Carriers. 
Mech. Engng., Apr., 1928; v. 50, pp. 280-284. 
(A condensed account of the electric drive equipment 
of the Lexington and the Saratoga.) 


Telephony, Automatic 
Principles of Relay Timing in Connection With Automatic 
Telephone Circuits. T. H. Turney. 
I. E. E. Jour., Apr., 1928; v. 66, pp. 341-384. 
(An extensive paper on the theory involved.) 


Waste Heat 


Steam Generation; IX. Waste Heat Boilers, Their Appli- 
cation in the Carbonizing Industry. 
Wid. Power, Apr., 1928; v. 9, pp. 229-238. 


NEW BOOKS 
(These and other Technical Books may be purchased through the Circulation Dept. of the GENERAL ELECTRIC REVIEW.) 


Die Messwandler; Ihre Theorie und Praxis. I. Goldstein. 
166 pp., 1928, Berlin, Julius Springer. 

(This little volume deals with the instrument transformer, 
a subject given but scant treatment in the general 
works on transformers and on electrical measuring 
instruments. The bulk of the book, denoted as Part 
A, treats of the current transformer in four chapters. 
Chapter I devotes 55 pages to the fundamental 
principles involved; Chapter II considers the various 
types of current transformers now in use, discussing 
their design, operating characteristics, protective 
schemes, etc.; Chapter III discusses the accuracy and 
errors of current transformers under various operat- 
ing conditions; while Chapter IV briefly indicates 
methods of testing. The remaining portion of the 
volume, denoted as Part B, gives a 27-page discussion 
of the potential transformer. A short list of selected 
references to literature on the subject completes 
the work. The book should be of use not only to 
designing and operating engineers, but in the testing 
laboratory as well.) 


Electric Rectifiers and Valves. 
& rev. by N. A. de Bruyne.) 212 pp., 
Wiley & Sons. 


A. Guntherschulze. (Trans. 
1928, N. Y., John 


Electric Winders; a Manual on the Design, Construction, 
Application and Operation of Winding Engines and Mine 
Hoists. H. H. Broughton. 402 pp., 1928, N. Y., D. Van 
Nostrand Co. 

(This English text is "intended primarily for the engi- 
neering staffs of coal and metalliferous mines” and 
for ‘those interested in the design, construction and 
operation of electric winders and hoists,” , according 
to the author’s words in his “Preface.” Its 400 
large-size pages are replete with data and constants of 
assistance to designers, although it does not pretend 
to be a complete treatise on design. The 23 chapters 
consider such topics as the mechanical and electrical 
features of mine hoists, the rating of the electrical 
parts, the various kinds of hoist drums and mine 
shafts encountered, the use of flywheels, the Ward 
Leonard and the three-phase systems, the power 
supply, hoist cables and their accessories, gearing, 
brakes, and control equipment. The volume is copi- 
ously illustrated with a total of 288 diagrams, graphs, 
and photographs of equipment, and 64 tables of data 
are provided.) 


James D. Hoffman and Lynn 
Ginn & Co. 


Elements of Machine Design. 
A. Scipio. 327 pp., 1928, Bost., 


GENERAL ELECTRIC REVIEW July, 1928 


ln GF Power 


Lransformers the 
hottest spots are cool 


OT only is the temperature rise, as measured by resistance, 

within the limit set by the standards of the American Institute 
of Electrical Engineers, but the maximum observable hot-spot 
temperatures also conform to these standards. These facts have 
been proved by many tests on G-E transformers of every class. 


The small differences between the measurement of temperature by 
resistance and by the embedded-detector method show the effec- 


The tests mentioned ers tiveness of the oil circulation in cooling all parts of the windings and 
" dabenaling av eetlgation con: core thoroughly and uniformly. 

tinually being carried on to 

aes hea Ent ig The life of a transformer depends upon the life of its insulation, 

Type-H transformers. G-E which, in turn, is largely determined by the temperature of the hot- 

Tee ee. test spot. The practical elimination of hot spots has been solved by 

ing G-E design. the circular-coil design used in G-E power transformers, 
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» NEW YORK POWER & LIGHT CORPORATION 


SERIES CAPACITORS AT THE BALLSTON SUBSTATION 


The capacitor installation consists of three 60-cycle 415-kv-a, 3170- 


Each unit is connected in series with a transmission 
ce in the line, 


al protective equipments. 


ensates for the inductive reactan 


volt single-phase capacitors with individu 
produces a voltage effect that comp 


(See p. 432) 


conductor, and the line current through it 
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AND NOW THE SERIES CAPACITOR 


From interesting phenomena to practical working 
devices has been the history of electrical engineering. 
The electric generator and motor, the arc and the 
incandescent lamp, the transformer, and radio were 
at one time but little more than interesting play- 
things. With the passage of time, these toy-like de- 
vices were developed into full-fledged machines to 
furnish new and more useful means for converting 
nature’s energy into power for operating railroads 
and factories, for lighting homes and transmitting 
_ intelligence across the ocean and far beyond. 

Now, our transmission lines reach all urban centers 
of population. Our executives and engineers have kept 
pace with the ever-increasing demand for power; 
but within the next few years these same engineers 
and executives will be taxed harder than ever to meet 
demands for still more power. Already, they have 
become faced with the prospect of encountering 
certain economic and technical limitations in trans- 
mission and distribution. Is the public to be limited 
in the extended use of this commodity? Is the farmer 
to be told that he cannot be supplied with this energy, 
except at a premium price? Fortunately, we now see 
our way clear to removing these limitations as the 
result of another laboratory plaything having been 
made into a commercial machine. The tuned circuit, 
familiar to radio enthusiasts and only yesterday 
thought to be a thing to be avoided in a commercial 
transmission line, is today utilized to broaden the field 
of power-transmission engineering. 

Such a circuit, including a capacitor in series with a 
transmission line, is carrying thousands of kilowatts 
and has been doing so for the past five months. 
The installation of the series capacitor equipment 
is described by Mr. Shelton in this issue of the RE- 
VIEW. Together with its associated protective equip- 
ment, the capacitor has fulfilled all expectations. The 
combined unit has gone through lightning storms and 
functioned perfectly. There it stands, now beckoning 
to engineers for more difficult work to do. 

A series capacitor can be selected that will compen- 
sate for the inductive reactance of the line and trans- 
formers in the transmission circuit in which it is con- 
nected. In this manner, the overall voltage character- 
istics can be made to approximate those which would 
exist if resistance only were present. Figuratively, 
the series capacitor eliminates the element of dis- 
tance in power transmission and gives the same vo't- 
age condition at the receiving end of the line as if the 
generator were directly connected to the receiver 


bus, except of course for the effect of line resistance. 
The magnitude of the line current is not changed. 
Thus, by utilizing a series capacitor, approximately 
the characteristics of direct-current transmission can 
be obtained and the advantages of the alternating- 
current system retained. 

For short lines, the series capacitor can be located 
at any point in the line with the same net overall 
results. For long lines, where charging current is a 
factor at light loads, the capacitor can be divided 
into two sections with one unit installed at the receiv- 
ing end of the line and the other at the generating 
end; thus the charging current of the line through 
the capacitor at the generating end gives a drop in 
voltage equivalent to the rise in voltage over the 
inductance of the line. In case there are branch cir- 
cuits tapped from the line, the total capacitance may 
be split up into sections located just ahead of each 
tap-off point to hold the potential at these points at a 
pre-determined value. 

Furthermore, the stability of a long transmission 
line can be materially increased by the installation 
of a series capacitor because its compensation 
of the inductive reactance enables a greater load to 
be carried over the line before the load limit is 
reached. 

The application of series-capacitor equipment to 
overhead lines of low voltage is equally attractive. 
Heretofore, very little improvement in voltage regu- 
lation was obtained by increasing the size of con- 
ductors beyond a certain limit, because the controlling 
factor was the inductive reactance of the line. With 
the addition of a series capacitor, however, the copper 
may be increased in size until the economic limit of 
copper is reached. Thus it is possible to use low-cost 
line construction in supplying large rural sections 
with electric power. 

No other commercial piece of apparatus is known 
which has such low losses as the capacitor; approx- 
imately 0.2 of one per cent of the kv-a. rating. 

All of the knowledge gained over a period of 
many years in the manufacture of capacitors for 
power-factor correction has been utilized in the 
design and manufacture of series-capacitor elements.. 
This 1s likewise true of the protective equipment. 
Therefore the series capacitor and its protective 
equipment, although a new device, can be expected 
to give satisfactory service without having to pass 
through an extended period of years for trial instal- 
lations. T. A. E. BELT 
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Cathode-ray Oscillographs and Their Uses 


Principle of the Cathode ray Oscillograph— Fundamental Types—Characteristics— 
Description of Instrument—Examples of Application 


By EVERETT S. LEE 
General Engineering Laboratory, General Electric Company 


HE recent revival in the use 

of cathode-ray oscillographs 

assures continued progress 
in the solution of those engineer- 
ing problems in which the phe- 
nomena vary with time at a rate 
beyond the range of the electro- 
magnetic oscillograph. The early 
instruments, of 25 years ago, 
were of the high-voltage cold- 
cathode type and were used by 
only a few investigators—notably 
Prof. Harris J. Ryan in his early 
studies of wave forms and in his later measurements of 
power in high-tension circuits. The complications and 
limitations of these early instruments stimulated the 
development of a simpler instrument, which resulted 
in the production of the low-voltage hot-cathode type 
with a resulting increase in use and interest in cathode- 
ray oscillographs, though the field of usefulness of this 
type is largely restricted to the recording of periodic 
recurring phenomena. The more recent extension of 
instrument design by A. Dufour to include the record- 
ing of transient phenomena by the use of the high- 
voltage cold-cathode type has again greatly enlarged 
the field of usefulness of cathode-ray oscillographs 
and increased the interest in them. Continued advance 
is being made in familiarizing engineers with the 
inherent advantages and limitations of these instru- 
ments, in designing instruments which can be moved 
from the laboratory to the work in factory or field, 
and in simplifying the operating technique. In view of 
this situation, it is the purpose of this article to discuss 
the nature of cathode-ray oscillographs in their present 
status, to describe a newly available instrument of the 
high-voltage cold-cathode type for laboratory and field 
use, and to consider the use and application of these 
instruments. 


“instants” 


General 

The cathode-ray oscillograph is an oscillograph in 
which the moving element is a beam of cathode rays 
the deflection of the beam being produced by the 
force exerted between it and a directly applied electro- 
static or electromagnetic field proportional to the 
phenomenon being recorded. Since the deflecting fields 
may be directly applied to the beam, the only 
moving parts to introduce inertia effects are the 
particles of the beam itself, which are electrons and 
for oscillographic purposes are of negligible mass. 


How long is an instant? We 
have been accustomed to think of 
at as a time so short that it could 
nol be measured—and we can still 
continue to do so but some of the 


of yesterday are now 
found to be of microseconds dura- 
tion and readily capable of meas- 
urement by means of the cathode- 
ray oscillograph.—E DITOR 


vol. 63, 


Fundamentally, therefore, the 
cathode-ray beam is an ideal oscil- 
lographic moving element. 

The physical laws governing 
the action of cathode rays are 
quite well known from the results 
of extensive study and research, 
and the application of this knowl- 
edge to instrument design has 
been thorough.) As is usually 
the case, however, design consid- 
erations prohibit all the desirable 
features from being combined into 
one instrument, and thus there is opportunity to 
design several types of cathode-ray oscillographs 
depending upon which factors are utilized and which 
are sacrificed. It is because of this situation that there 
are available at present instruments of three general 
types, such as the low-voltage hot-cathode type of the 
Western Electric Company, ® the medium-voltage 
hot-cathode type of Wood, the high-voltage cold- 
cathode type of Dufour,“ and the high-voltage 
cold-cathode type of Rogowski. ®© To these may now 
be added the high-voltage cold-cathode type of the 
General Electric Company, the first of this type to be 
produced in this country. 


Nature of the Cathode-ray Oscillograph 

In discussing the nature of the cathode-ray oscil- 
lograph it may be well to keep in mind the elements 
of the more familiar electromagnetic oscillograph in 
which a beam of light is made to move over a screen 
or photographic film according to the motion of a 
current-carrying element in a magnetic field, which 
element carries current proportional to the phenom- 
enon being recorded. Because of the inertia of the 
current-carrying element, the electromagnetic oscil- 
lograph is limited in range to recording phenomena 
which do not vary at a rate more than the order of 
10,000 cycles per second. In the cathode-ray oscil- 
lograph, the cathode-ray beam is made to move over a 
screen or photographic plate or film according to the 


(1) MacGregor, Morris, J. T., and Mines, R., “Measurements in Electrical 
Engineering by Means of Cathode Rays," Journal of the 1.E.E., vol. 63, 
pp. 1056-1107, November 1925 

This is an excellent article on the theory of cathode rays and their 
application to oscillographs. 

()Johnson, J. B.. “A Low Voltage Cathode-Ray Oscillograph,” Rell 
System Technical Journal, vol. 1, pp. 142-151, November 1 1922. 

sw A. B., “The Cathode Ray Oscillograph,"’ Journal of the 1.E.E., 

. 1046- 1055, November 1925. 
O Dulo our, A., L'Onde Electricque, vol. 1, pp. 638 and 699, 1922; vol. 2, 


p. 1 

Cj Rogowski, W., Flegler, E. and Tamm, R., “A New Design of Cathode- 
EAE graph, Archiv Fur Elektrotechnik, vol. 18, pp. 513-524, Septem- 
er 
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force exerted between it and a directly applied electro- 
static or electromagnetic field proportional to the phe- 
nomenon being recorded. Therefore, in the cathode- 
ray oscillograph there are no mechanical moving 
parts having inertia to limit the response of the beam 
to the phenomenon being observed, so that the 
upper limit of movement of the beam available for 
recording purposes is measured in millions of cycles 
per second. This inherent advantage of the cathode- 
ray oscillograph allows it to be applied to phenomena 
of very short time duration, such as a few millionths 
of a second. 

In the electromagnetic oscillograph each current- 
carrying element is limited to recording the effect of 
one quantity varying with time. In the cathode-ray 
oscillograph the motion of the beam may be produced 
by the simultaneous application of more than one 
deflecting field in different planes, each proportional 
to a single quantity varying with time, the oscil- 
lograph thus operating as a cyclograph. This is 
another inherent advantage of the cathode-ray 
oscillograph as it provides for obtaining important 
related phenomena such as volt-ampere charac- 
teristics. 

To obtain these advantages requires means for 
producing a cathode-ray beam, means for applying 
the deflecting fields to the beam, and means for 
recording the motion of the beam. In practice, these 
vary in extent from the simpler instrument of the 
low-voltage hot-cathode type, limited largely to the 
recording of recurring periodic phenomena, to the 
more complicated instrument of the high-voltage 
cold-cathode type suitable for recording both recurring 
periodic phenomena and transient phenomena. 


The Cathode Rays 

The cathode rays are produced in a tube into which 
are sealed a metal cathode and a metal anode, these 
parts being common to all types of cathode-ray 
oscillographs. When a difference of potential is main- 
tained between the cathode and the anode, the cathode 
being at a higher potential than the anode, there is a 
conduction of electricity through the air between 
them; and when the air pressure is reduced to a value 
of the order of 10 microns, the resulting conduction 
has been given the name of cathode rays. These rays 
consist of negatively charged particles and the 
particles are known as electrons. The conditions in 
the tube at this time are characterized (ina glass tube) 
by a bluish-green fluorescence appearing on the walls. 

It has been shown ® that cathode rays travel in 
straight lines, emerge normally from the cathode, are 
deflected byelectrostatic and magnetic fields, can exert 
mechanical pressure, can convey very considerable 
amounts of kinetic energy, and can penetrate small 
thicknesses of matter. The cathode rays cause fluores- 
cence in a screen covered with a suitable salt, such as 


(*)Crowther, J. A., Ions, Electrons, and Ionizing Radiations, Fourth 
Edition, 1924, pp. 86-90. 
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calcium tungstate, and react upon photographic films 
so that upon development the record of the path 
of the rays over the film is revealed. The velocity of 
propagation of the cathode rays is a function of the 
potential differerce between the cathode and anode. 


Design Considerations 

In utilizing the properties of the cathode rays, the 
designer is forced to choose between deflection sensi- 
tivity and photographic sensitivity. The greater the 
velocity of the cathode rays, the greater the photo- 
graphic sensitivity but the less the deflection sensi- 


_ tivity, and vice versa. This condition has resulted in 


the design of the two types of instruments, the low- 


‘voltage type with low photographic sensitivity and 


high deflection sensitivity, and the high-voltage type 
with high photographic sensitivity and low deflection 
sensitivity. The low or medium voltage instruments 
are of the hot-cathode type. The high-voltage instru- 
ments are of the cold-cathode type. 


The Hot-cathode Type 

In the hot-cathode type of cathode-ray oscillograph, 
negative ions are independently introduced by a 
heated filament at the cathode to neutralize the 
accumulation of positive ions at the cathode thus 
permitting the cathode rays to be produced with a 
relatively low potential difference between cathode 
and anode, such as 300 to 3000 volts. The deflection 
sensitivity is thereby increased, though the photo- 
graphic sensitivity is decreased. Because of the 
decreased photographic sensitivity an instrument 
designed for the lower of these voltages is suitable 
only for observing or photographing periodic recurring 
phenomena, where the trace may be maintained a 
sufficient length of time for photography, unless 
augmented by external devices, such as the transient 
visualizer with which transients at lower frequency 
have been observed and photographed. 


The Cold-cathode Type 

In the cold-cathode type of cathode-ray oscillo- 
graph, the cathode rays are produced only by the 
potential difference between the cathode and the 
anode. The potential difference required at the low 
value of air pressure necessary for the formation of 
cathode rays is quite high, such as 30 to 60 kv., this 
voltage being consumed largely at the cathode to 
overcome the positive ions attracted to it. This high 
voltage produces a high velocity of electrons which 


‘means that relatively greater forces are required to 


deflect the beam, thus decreasing the deflection 
sensitivity of the oscillograph. The photographic 
sensitivity is greatly increased, however, which is the 
design factor gained at the expense of deflection 
sensitivity. High photographic sensitivity is of great 
importance in studying many problems in engineering, 


a QT H : “The Transient Visualizer," 


Transactions of the 
E., vol. XLW 'pp. 805-813, June 1924. 
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for it allows transient phenomena to be observed and 
photographed. This is really the feature of the high- 
voltage cold-cathode type of instrument; and, in the 
present state of the art, the sacrifice of deflection 
sensitivity for photographic sensitivity is justified. 


Sensitivity 

Wood has shown ®) that the electrostatic sensitivity 
is inversely proportional to the potential difference 
between cathode and anode; the magnetic sensitivity 
is inversely proportional to the square root of the 
potential difference between cathode and anode; and 
the photographic sensitivity 1s proportional to the 
square of the potential difference between cathode and 
anode. Relatively then, for different values of poten- 
tial difference between cathode and anode, these 
sensitivities rank as shown in Table I. 


TABLE I 
Voltage between Electrostatic Magnetic Photographic 
Cathode and Anode Sensitivity Sensitivity Sensitivity 
300 100 10 10-74 
3000 10 3.16 10-2? 
30,000 1 1 1 
60,000 0.5 0.25 4 


These relations do not apply exactly to the different 
instruments designed to operate at these voltages, 
_ but they do give an idea as to the order of the rela- 
tions. Unfortunately, electrostatic and magnetic 
sensitivity have to be sacrificed for good photographic 
sensitivity. Herein is an opportunity for advance in 
design. 

The conceptions of sensitivity may be made clearer 
by considering the cathode-ray beam as a stream of 
electrons produced by a difference in potential and 
. directed at a photographic film. In the course of their 
straight-line travel toward the photographic film, the 
electrons pass through an electrostatic or an electro- 
.magnetic field at right angles to their travel which 
causes them to be deflected, thus producing a trace 
on the photographic film. The amount of deflection 
for a given field strength depends upon the length of 
time the electrons are under the action of the field, 
hence the deflection sensitivity is greater the lower 
the velocity of the electrons, and vice versa. The trace 
on the photographic film depends upon the energy 
liberated by the electrons striking the film, hence the 
greater the velocity of electrons the greater the 
energy liberated and the shorter the time required to 
produce the trace, 1.e., the greater the photographic 
sensitivity. 


Air Pressure 


The air pressure in the cathode-ray tube for the 
production of cathode rays as a gaseous discharge 


- must be of the order of 10 microns. Two methods are 


available for obtaining and maintaining this pressure. 
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The simplest is to exhaust the cathode-ray tube to 
the desired pressure and then seal it permanently. 
This precludes the use of photographic films inside 
the tube to record the movement of the cathode-ray 
beam, and limits the tube to uses where the move- 
ment of the cathode-ray beam can be observed visually 
on a fluorescent screen or, if the phenomenon is period- 
ically recurring, to where the recurring trace on the 
fluorescent screen can be photographed by means of an 
external camera. This is the means employed in the 
present low-voltage instruments. 

Although cathode rays have been projected through 
a window in the tube, ® unfortunately there has yet 
been no way successfully developed whereby the 
projected beam can be utilized for measurement 
purposes. The difficulty is due to the considerable 
dispersion of the beam after leaving the metal 
window, and to the interference to the beam caused 
by the window support. Herein is also opportunity 
for advance in design. 

The second method of exhaust is to provide an 
exhaust pump and to evacuate the tube, at the time of 
use, to the desired air pressure as shown by an air- 
pressure gauge. While this is an inconvenience, it is 
the price which has to be paid for being able to insert a 
photographic film into the tube and obtain on it a 
record of the movement of the cathode-ray beam. 
This is the means emploved with the present medium- 
voltage instruments and high-voltage instruments. 


Deflecting Force 

The deflecting force to produce motion of the 
cathode-ray beam is produced by the action between 
the cathode-ray beam and either an electrostatic field 
between metal plates, proportional to the phenomenon 
to be observed, or an electromagnetic field between 
poles, proportional to the phenomenon to be observed, 
and through which field the cathode-ray beam passes. 
The deflecting field is applied to that portion of the 
beam which is projected beyond the anode, through a 
small hole in it, and which portion is but a small 
fraction of the whole beam between cathode and 
anode. This provides a fine beam for tracing a clearly 
defined line on the fluorescent viewing screen or the 
photographic plate or film. 


Recording 

The trace of the cathode-ray beam may be observed 
on a fluorescent screen, or recorded on a stationary or 
moving photographic film. Various combinations of 
motions are available by the action of the electrostatic 
or magnetic fields on the cathode-ray beam in different 
planes, and in conjunction with the motion of the film 
when a moving film is used. The trace of the beam on a 
fluorescent screen or stationary film is a point; the 
action of a field upon the beam to move it in one plane 


Coolidge, W. D.. “The Production of High-Voltage Cathode Rays 
Outside of Generator Tube,” Journal of Franklin Institute, vol. 202, p. 693, 
December 1926. 
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produces a line trace; the simultaneous action of two 
fields upon the beam in two directions will produce a 
line trace corresponding to the resultant action of the 
two fields upon the beam. 

Means for producing records on a screen on a linear 
time axis have been described. A linear time-axis 
can also be obtained with a moving film in the usual 
manner. 

For stationary films it is possible to sweep the 
beam rapidly across the film, superimposing the 
phenomenon to be observed during such transit. Or, 
the beam may be subjected to a periodically varying 
field of known frequency and be swept across the 
plate, during which transit the phenomenon to be 
observed is superimposed upon this motion. The 
resulting trace is the resultant of these motions and 
the record must therefore be analyzed with proper 
consideration of the conditions of its formation. 09 
The flexibility of the cathode-ray oscillograph in these 
respects provides opportunity for much individual 
ingenuity in obtaining useful records. 


Timing 

As in all oscillographic work, the problem of 
timing the phenomenon to take place so that it will 
be observed or recorded is present with the cathode- 
ray oscillograph. For recurring periodic phenomena 
this problem is comparatively simple; for transient 
phenomenon it is usually quite complicated and in 
some cases has to be left entirely to chance. Since the 
duration of many phenomena to be recorded is of the 
order of a few microseconds, the several necessary 
operations have to be performed accurately and 
quickly. Both mechanical means and electrical means 
have been utilized in solving this problem.“ With 
the high-voltage cold-cathode type of instrument, the 
complexity of the problem is increased, since the 
~ cathode-ray beam can be maintained for onlya fraction 
of a second because of the excessive heat liberated at 
the anode and of the gas evolved in the tube at the sur- 
face of the cathode which affects the electron stream. 
To a large extent the usefulness of the cathode- 
ray oscillograph is limited by the problems incident 
to timing so that study in this regard is imperative. 
In this connection there also enters the problem of 
connecting the cathode-ray oscillograph deflection 
plates properly into the circuit, which requires that 
the operator understand the reactions occuring in the 
circuits during the short time intervals involved. 


Resume 

From the foregoing considerations it is seen that the 
term cathode-ray oscillograph covers three general 
instrument types of various designs, which range in 
simplicity from the low-voltage type confined largely 


(*) Bedell, F. and H. J. Reich, “The Oscilloscope: A Stabilized Cathode- 
ray Oscillograph with Linear Time-Axis,'’ Journal of the A.1.E.E., vol. 46, 
pp. 563-567, 

(0) Harrington, G. F. and A. M. Opsahl, "Technique of Dufour Cathode- 
ray oer TapE for the Study of Short-Time Phenomena." The Electric 
Journal. vol. 24, pp. 384-388, August 1927. 
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to the study of recurring phenomena, to those of the 
medium-voltage, and high-voltage type suitable for 
recording very fast transient phenomena and which of 
necessity are more complicated and require a higher 
technique for satisfactory application. It was realized, 
however, that many fields of usefulness existed for the 
latter type of instrument if arranged for convenient 
operation with the necessary elements and auxiliary 
equipment in a form sufficiently portable to allow its 
being transported out of the laboratory to the work 
in the factory and field; and it was with this reali- 
zation that such an instrument has been made 
available. 


GENERAL ELECTRIC CATHODE-RAY OSCILLOGRAPH 


This oscillograph has been designed to be self- 
contained and relatively easily portable so that it 
may be taken to the desired work and operated in 
daylight, and thus increase the field of usefulness of 
the high-voltage type of cathode-ray oscillograph in 
the solution of engineering problems. 

The oscillograph with all auxiliary equipment 
complete is mounted on two portable trucks. The main 
unit is shown in Fig. 1. The cathode tube is mounted 
in the electrostatically shielded dark-room D and 
emerges therefrom in the form of a conical metal bell 
containing the photographic film holder supported on 
the head A. The indicating vacuum gauge I of the 
thermocouple type is mounted directly under the 
conical bell in sight of the operator. On the bottom 
of the truck are mounted the transformer E for 
exciting the cathode-ray tube, the oscillator F for the 
timing wave, and the control panel H. 

The two units are shown in Fig. 2, this view showing 
the reverse side of the main unit and exposing to 
view the mercury-condensation pump G. On the 
second unit are mounted the rough vacuum pump K 
with its driving motor M, the synchronous switch N, 
and the water-circulating pump L. 

Fig. 3 shows the cathode-ray tube C with deflection 
tube B, and the shielded dark-room box opened for 
inspection. Fig. 4 shows the roll-film daylight- 
loading photographic film holder mounted on the 
vacuum bell door removed from the vacuum bell. 

The two units together weigh about 700 1b., and 
require a floor space about 6 ft. by 10 ft. The maxi- 
mum power supply required is 4 kw. at 110 volts, 60 
cycles. 


Frequency Range 

The upper limit of frequency is not definitely 
known; it is probably several million cycles per second 
Satisfactory records have been obtained at frequencies 
up to one million cycles. Superimposed oscillations 
are observable at frequencies many times higher 
than this. The time rate of change which can be 
recorded is of the order of a small fraction of a 
microsecond. 
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Sensitivity 

The voltage deflection sensitivity is 200 volts 
(crest value) per centimeter deflection when the 
cathode-ray beam is produced by a difference in 
potential of 60,000 volts (crest value) between anode 
and cathode. The maximum deflection on each side of 
zero is 5 cm. Voltages up to 1000 volts (crest value) 
may be impressed directly on the electrostatic deflect- 
ing plates, and voltages above 1000 volts (crest value) 
may be recorded through. the use of suitable resistance 
or capacitance multipliers. 

The electromagnetic deflection sensitivity is 120 
ampere-turns (crest value) per centimeter deflection 
when the cathode-ray beam is produced by a dif- 
ference in potential of 60,000 volts (crest value) 


Fig. 1. 


General Electric High-voltage Cathode-ray Oscillograph. 
Main unit showing operating side 


: Vacuum bell 

: Shielded housing 

Tube transformer 

Timing oscillator 

: wo panel eh i ) 
: Vacuum gauge (thermocouple type 
Movable table 

Film winding knob 

Viewing window for film-exposure number 
Shutter operating handle 

Viewing windaw 


SSGRS SD > 


between anode and cathode. Coils permit the measur- 
ing of currents from a few milliamperes (crest value) 
to several hundred amperes, and shunts extend the 
range to several thousand amperes. These values are 
for fixed deflection plates, but greater sensitivity can 
be obtained for special cases by using movable 
deflection plates. The use of special high-speed films 
also allows of increasing the sensitivity. 


Cathode Tube and Deflection Tube 

The cathode tube C, Fig. 3, is of glass and contains 
the cold cathode and the anode. The cathode tube is 
joined to the glass deflection tube B which contains 
the deflecting plates. These tubes are each easily 
interchangeable, the cathode tube for renewal, and 
the deflection tube for different combinations of 
deflecting plates which may be necessary for the 
different kinds of recording. 
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The cathode tube and deflecting tube are sur- 
rounded by a housing D, Fig. 3, which acts as an 
electrostatic shield and dark-room. A lead glass 
window in the housing permits inspection of the tube 
without fear of burns from x-rays. 

The cathode tube is excited from the transformer 


E, Fig. 1. Voltage is applied to the tube for only a 
~ short time interval at the peak of the negative half- 


cycle of the voltage wave. This is controlled by the 
synchronous switch N, Fig. 2. 


Exhaust System 
The tubes and vacuum bell are exhausted to the 
required air pressure by two vacuum pumps G and K, 


Fig. 2. Complete High-voltage Cathode-ray Oscillograph. Reverse 
side of main unit, and auxiliary truck on which are mounted 
vacuum pump and synchronous switch 


: Vacuum bell 

: Shielded housing p 

: High-voltage transformer for exciting cathode-ray tube 
Timing oscillator | 

Mercury condensation pump 

Rotary oil-sealed vacuum pump 
Water-circulating pump 

Driving motor for rotary vacuum pump K 
: Synchronous switch ; 

> Relay for the synchronous switch 

: Water-cooling reservoir 


ZozenRosmom 


Fig. 2. Pump K is for moderate vacuum and pump G 
is for high vacuum. These pumps can be relied upon 
to exhaust the tubes and vacuum bell to the required 
working pressure within ten minutes. Pump G requires 
cooling water having a temperature below 20 deg. 
which may be supplied from a tap if available, or if 
not available from a collapsible cooling reservoir W 


and water-circulating pump L. 


This exhaust system may seem extensive, but it 
has been found necessary if the time required to 
exhaust the tube and vacuum bell after insertion of 
the film is to be short. A duration of ten minutes is 
considered satisfactory since there are usually other 
things to be done; a longer time than this, however, is 
considered inconvenient. 

The air pressure is measured by means of a direct 
reading vacuum gauge I, Fig. 1, of the thermocouple 
type, located so as to be easily read by the operator. 
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Recording 

The record is obtained on a photographic film of 
the six-exposure type which can be loaded in daylight 
into the photographic film holder on the head of the 
bell, Fig. 4. The film is moved by the knurled head R, 
Fig. 1, operating through a sylphon seal. The fluor- 
escent screen in front of the film holder, Fig. 4, is 
operated by the handle T. The phenomenon may be 
observed on the fluorescent screen through the viewing 
window V, Fig. 1, before being photographed. 

A moving film for recording purposes can also be 
used. This film is 21 in. long and is used for the lower 
range of frequencies. 
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Fig. 3. High-voltage Cathode-ray Oscillograph. Shielded housing 


opened to show cathode tube and deflection tube 
A: Vacuum bell D: Shielded housing 


B: Detection tube H: Control panel 
C: Cathode tube V: Viewing window 
Timing 
A timing oscillator F, Figs. 1 and 2, is included for 
timing, having a range of frequencies from 20,000 to 
1,000,000 cycles. 
A synchronous switch N, Fig. 2, is employed to 
mechanically impress the phenomenon upon the 
deflecting plates after the cathode-ray beam has been 


established. This switch is driven by a synchronous ' 


motor and is provided with the necessary contacts 
for the usual type of work met in the use of this 
instrument. 

The timing problem requires considerable study on 
the part of the operator. The operation of the cathode- 
ray oscillograph of the cold-cathode high-voltage type 
requires that the cathode-ray beam be established and 
swept across the screen or film, and that during such 
transit the phenomenon exert its effect upon the 
beam. Such sequence of events must occur correctly in 
order in the short time available; hence the switching 
problems are not simple. Nor can any single switching 
scheme or device be applied with uniform success to 
the recording of all phenomena. There have thus 
resulted several schemes for such work all of which 
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become useful for the purpose for which they are 
designed. To provide a universally applicable scheme 
is not feasible. 


Portability 

-= Because this instrument has been designed for use 
in the field or in the factory as well as in the lab- 
oratory, all the parts have been substantially con- 
structed and all required auxiliary equipment has 
been included. The mounting provides for porta- 
bility, and for operation in daylight. The only 
external power required is a maximum of 4 kw. at 
110 volts, 60 cycles. Maximum speed of operation 
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Fig. 4. High-voltage Cathode-ray Oscillograph. Vacuum bell door 
l removed, showing photographic film holder 


S: Viewing window for film-exposure number 
T: Shutter operating handle 


has been made possible through quick-acting vacuum 
pumps. In these respects the development is con- 
sidered unique. 


APPLICATIONS AND USES OF CATHODE-RAY 
OSCILLOGRAPHS 


The complete list of possible applications of cathode- 
ray oscillographs is a long one. The low-voltage type in 
the field of recurring phenomena is useful: 


(a). For determining amplitude or extent of a 
varying quantity such as current, voltage, sound, or 
mechanical vibration. (? 


(b). For frequency measurements. (!) 


(c). For determining the relations between two 
quantities in the same circuit each varying with 
time. () (13) 


()Rasmussen, F. J., “Frequency Measurements with the Cathode- 
ray er aoa Transactions of the A.1I.E.E., vol. XLV, pp. 1256, No- 
vember ; 

(#)Lloyd, W. L., Jr., and E. C. Starr, “Methods Used in Investigating 
Corona Loss by Means of the Cathode-ray Oscillograph,” A.I.E.E. Summer 
Convention, 1927. 

(")Ryan, Harris J., “The Cathode-ray Alternating Current Wave 
Indicator,” Transactions of the A.I.E.E., vol. XXII, pp. 539-548, July 
1903 and “A Power Diagram Indicator for agn rennon Circuits,” Trans- 
actions of the A.I.E.E., vol. XXX, pp. 1089-1113, April 1911. 
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The high-voltage type is applicable to the fields of 
recurring phenomena and also to the recording of 
transient phenomena for such applications as: 

(a). Study of time-voltage characteristics of spark 

gaps") and insulation. 

(b). Studies of transmission-line disturbances. (15) (16) 


Fig. 5. Cathode-ray Oscillogram of a Voltage Wave at a 


Frequency of 20,000 Cycles Per Second 


Fig. 6. Cathode-ray Oscillogram of a Voltage Wave at a 
Frequency of 100,000 Cycles Per Second 


Fig. 7. 


Cathode-ray Oscillogram of a Voltage Wave at a 
Frequency of 1,000,000 Cycles Per Second 
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(c). Lightning arrester studies. 0? 

(d). Studies of conditions in circuits at radio fre- 

quencies. 

(e). Telephone protection problems. 

(f). Mechanical vibration tests. 

(g). Recording of pressure in guns, gasoline engines, 

etc. 

(h). Magneto or spark-coil discharge investigations. 

(i). Oil circuit breaker and switching phenomena. 

(j). Determination of wave-form for calibration 

purposes, (18) (19) 

These are suggested applications, some of which 
have already been made with success, others of which 
have not been tried. In extending the use of the 
cathode-ray oscillograph to these, the technique will 
also be extended and other applications will appear. 
As representative of some of these applications, and 
to explain in somewhat more detail the operation and 
use of the high-voltage cold-cathode type of cathode- 
ray oscillograph described, a few oscillograms taken 
with this instrument will be considered. 


Periodic Phenomena 

Fig. 5 shows one cycle of a voltage wave at a 
frequency of 20,000 cycles. Such an oscillogram is 
obtained by focusing the cathode-ray beam off the 
edge of the film. The synchronous switch is next put 
in operation to produce the beam, to superimpose 
the phenomena upon the beam and then to sweep the 
beam across the film. The timing may be obtained by a 
second exposure with the beam acted upon by a 
voltage at known frequency, or this may be recorded 
on another film. Fig. 6 shows the oscillogram of a 
voltage wave at a frequency of 100,000 cycles; and 
Fig. 7 at a frequency of 1,000,000 cycles. These are 
probably the simplest oscillograms to obtain, but 
they are nevertheless quite important and cannot be 
obtained in any other way. 

Fig. 8 shows an oscillogram taken in power vacuum- 
tube studies at 50,000 cycles, with the plate voltage 
at 14,000 volts. The upper curve shows the plate 
voltage and the lower curve shows the grid voltage 
each with respect to ground potential shown as the 
straight line. This record was obtained by making 
three transits of the beam across the film. The phase 
relations are not shown correctly in this case, though 
means for doing this can doubtless be arranged. 

Fig. 9 shows a plate current of about 2 amp. (crest 
value) in a power vacuum tube at a frequency of 


(4)McEachron, K. B., and E. J. Wade, “Study of Time Lag of the 
Needle Gap,” Transactions of the A.1.E.E., vol. XLIV, pp. 832-842, June 
1925. 

(45) Norinder, H., “Experimental Investigation of the Shape of Lightning 
Discharges,” Elekto., vol. 55, pp. 139-141, August 1, 1925, and ‘Investigation 
of Traveling Waves with Cathode-ray Oscillograph,"’ Elekto., vol. 55, pp. 
152-157, September 5, 1927. 

CS) Rogowski, W.. E. Flegler, and R. Tamm, "Uber Wanderwelle Und 
Durchschlag,” Archir Fur Elecktrotechnik, vol. 18, pp. 475-512, June 27, 


1927. 

()McEachron. K. B. (Discussion), Transactions of the A.1.E.E., 
vol. XLV, p. 175, February 1926. 

('8)McEachron, K. B., "Measurements of Transients by the Lichten- 
berg Figures,” Transactions of the A.1.E.E., vol. XLV, p. 712, May 1926. 

(%)Lee, E. S. and Faust. ‘The Measurement of Surge Voltages 
on Transmission Lines Due to Lightning,” Journal of the A.1.E.E., vol. 
XLVI, pp. 149-158, February 1927. 
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50,000 cycles. This oscillogram is obtained in the same 
way as those previously described except that the 
phenomenon is applied to the beam through an 
electromagnetic field between magnet poles. 


Grid h Ground, 


Fig. 8. Cathode-ray Oscillogram Showing Plate-voltage Wave 
Form and Grid-voltage Wave Form of a Power Vacuum 
Tube at 50,000 Cycles Per Second 


Fig. 9. Cathode-ray Oscillogram Showing Plate-current Wave Form 
in a Power Vacuum Tube at 50,000 Cycles Per Second 


Fig. 10. Cathode-ray Oscillogram of Current Building Up in a Reso- 
nant Circuit at a Frequency at 1,000,000 Cycles Per Second 


— 
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Transient Phenomena 


Oscillograms of transient phenomena can be 
taken in many forms such as have been previously 
presented. (10) (14) (20) 


Trensteal Po ifege. 
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Fig. 11. Cathode-ray Oscillogram Showing a Transient 
Superimposed on a Timing Wave of 50,000 
Cycles Per Second 
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Fig. 12. Cathode-ray Oscillogram of a Capacitor 


Discharge 


Cathode-ray Oscillogram Showing Variation of Plate Current 
with Grid Voltage in a Power Vacuum Tube 


Fig. 13. 


(2) Committee on Protective Devices (Report), Transactions of the A.1.E.E., vol. XLV, pp. 885-887, June 1926. 


412 August, 1928 


Fig. 10 shows the current building up in a resonant 
circuit at 1,000,000 cycles. In this oscillogram the 
synchronous switch had to superimpose the current 
phenomenon upon the beam during the transit of the 
beam across the film, which transit took place in about 
50 microseconds. 

Fig. 11 shows a type of oscillogram in which the 
cathode-ray beam is produced in focus off the edge of 
the film, a voltage at a known frequency is applied to 
the timing deflecting plates, the beam is swept across 
the film, and during such transit the phenomena is 


superimposed upon the beam. The duration of the 


transient is about 0.9 cycle of a 50,000-cycle timing 
wave or 18 microseconds. The trace of the tran- 
sient on the film is the resultant of three forces 
and the true form of the transient with time has to be 
resolved from the resultant trace.“®) Such a record 
may be somewhat confusing though it has the 
advantage of a longer zero axis on the same size film. 

Fig. 12 shows an oscillogram of a transient without 
the timing wave. This shows a capacitor discharge, 
the whole time duration of which is about 100 
microseconds. The first rush occurred within 4 
microseconds. 


Cyclograms 

Fig. 13 shows a cyclogram showing the variation of 
plate current with grid voltage in a power vacuum 
tube, the voltage being in the order of 2000 volts at a 
frequency of 60 cycles. Such records are of great 
=- value and their usefulness can be extended to other 
phenomena, such as volt-ampere characteristics of 
insulation, lightning arresters, “”) and the like. 
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CONCLUSIONS 
It has been shown that: 


(1). Cathode-ray oscillographs are available in 
several types, such as: 


(a). The low-voltage hot-cathode type, the simplest 
type to operate but restricted largely to the record- 
ing of periodic recurring phenomena. 

(b). The medium-voltage hot-cathode type. 

(c). The high-voltage cold-cathode type suitable for 
recording recurring phenomena and transient 
phenomena of short duration, such as for fractions 
of a microsecond or for a few microseconds. 


(2). The high-voltage cold-cathode type of cathode- 
ray oscillograph need no longer be considered an 
instrument that must be located permanently in the 
laboratory, because it may now be moved to the work 
in the factory or field. 


(3). The auxiliary equipment required for use with 
the high-voltage cold-cathode type of cathode-ray 
oscillograph for recording transient phenomena though 
extensive is justified. 


(4). The technique of operation for the high-voltage 
cold-cathode type is still relatively complex requiring 
that the operator be able to master the switching 
problems involved. 


_ (5). The relative portability of newer instruments as 

compared with older permits the application of the 
high-voltage cold-cathode type of cathode-ray oscil- 
lograph to a wide variety of situations where pre- 
viously impracticable. 


New Connection Support is Easily Installed 


A new double, extra-strong 
bus or connection support 
requires no setting of bolts 
in concrete or drilling for 
expansion bolts, but is sim- 
ply mechanically expanded 
against the sides, top, and 
bottom of the compartment 
or enclosure in which it is 
installed. It consists of an 
ordinary cylindrical bushing 
with expansion elements at 
either end and a connection A 
clamp over the middle. (at, TE CES 

The expansion element is a as | 
pipe nipple with a stationary 
flange and a movable lock nut. 


PP a a tl “Es 
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Side View of Connection Support 


Vertical expansion is ac- 
complished by unscrewing 
the lock nut against the bush- 
ing until the assembled unit 
bears rigidly against the top 
and bottom shelves. The sta- 
tionary flange is provided 
with a screw and lock nut 
at either end by means of 
which it is expanded horizon- 
tally and firmly held against 
the sides of the enclosure. 

No lead or cement is used 
with this support, and it is 
shipped knocked down to be 
assembled and lined up in 
place. 
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Short-cut Methods of Calculating Stresses 
in Bus Structures 


Selection of Proper Supports—Spacing and Arrangement of Buses and Main Connections— 
Calculation of Stresses Simplified by Conveniently Arranged Data 


By W. SPECHT 
Switchgear Department, Philadelphia Works, General Electric Company 


ITH the steady increase of station capacities 
W and the constant trend toward interlinking 
generating stations into one large system, it 
became necessary to pay particular attention to 
methods of arranging and supporting buses and 
connections that might carry maximum short-circuit 
currents, the latter in some cases reaching the magni- 
tude of a hundred thousand amperes and more. 
The electromagnetic force acting upon the insu- 
lators that support the conductors is expressed in 
lb. per insulator by the formula 


5.4 X107 Xk XPXxXL 
S 


and in the past it was thought that this force was 
all that had to be conisdered. 


F= 


2 


Fig. 1 Fig. 2 


article and making use of the data that have been 
arranged in convenient form. 

In Figs. 1 to 4 are represented the four most usual 
arrangements of buses. The sketches are of single-phase 
buses because these are basic; and the calculation of 


m = 
C _ 


Fig. 3 Fig. 4 


Figs. 1 to 4. Cross-sectional Diagrams of the Usual Horizontal and Vertical Arrangements of Single-phase Buses and Supports 


In this formula 


I is the initial r.m.s. value of the total current in 
amperes in an unsymmetrical short circuit. 

k is the shape correction factor (See Chart II.) 

L is the length of the bus-bar span between center 
of insulators, in feet. 

S is the spacing between centers of phases, in 
inches. 


Extensive tests have shown that the conductors as 
well as their supports vibrate due to the application 
of sudden forces.‘ The frequency of the test con- 
ductors ranged from 8 to 150 cycles and that of the 
supports from 30 to 1700 cycles. These figures show 
that it is quite possible that one or both frequencies 
may resonate with the usual system frequencies of 
25 to 60 cycles, and thus increase the stresses imposed 
on the supports by the electromagnetic force. 

The actual support stresses may be readily cal- 
culated by applying the methods described in this 


_ (0. R. Schurig and M. F. Sayre made the investigations and calcula- 
tions, and reported them in detail in the Journal of the A.1.E.E., Feb., 1925. 


stresses will be based on single-phase short circuits 
only, as such are the most numerous and usually the 
most severe. It is not possible to foretell with great 
exactness which arrangement will be best unless a 
thorough analysis is made of the forces acting on the 
supports in the lateral and longitudinal directions. In 
Figs. 2 and 3 the longitudinal forces may be neglected 
if the bar is 3 in. or more in width and the spans not 
longer than 6 ft. 0 in. In Figs. 1 and 4, however, the 
longitudinal pull has to be taken into consideration 
because the deflection of the bus bar in the direction 
of the electromagnetic force may be sufficiently great 
to make the curved path quite a little longer than the 
straight line between the insulators. Most of the 
copper used for buses is not over 14 in. thick and 
consequently does not offer much stiffness to bending 
across the longer axis. 

The opinion has been commonly held that a strong 
insulator, which is a stiff support, is much better 
than a weaker and more flexible support. Unfortu- 
nately, the strength of an insulator and its stiffness 
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are not in a straight-line proportion. The strength 
does not increase as rapidly as the stiffness; and 
therefore similar forces acting on two different insu- 
lators, for example, one twice as stiff as the other, 
will impose on the former insulator a stress more 
than two times as great as the stress on the latter. 
An ideal support is one which has high mechanical 
strength and a low frequency of vibration. One way to 
produce such a support would be to mount a strong 


Fig. 5. Insulated Rod Type of Busbar Fig. 6. The Same Type of Sup- 
Support for 3500-volt Service port as Shown in Fig. 5 


insulator on a flexible base, like a steel plate, whose 
mechanical damping will be relatively large. From 
time to time suggestions have been advanced whereby 
the longitudinal stresses may be overcome. One of 
these suggestions was to hold the buses between 


Fig. 7. 


Insulated Rod Type of 3500-volt Supports 
Arranged Side by Side - 


rollers, at the insulator clamps, thus permitting a free 
expansion of the copper in a longitudinal direction. 
This method 1s impractical in the majority of cases 
because, in station arrangements where the buses are 
in compartments, the branch connections can be 
taken off only at the insulator clamps and therefore 
an absolutely solid joint is required. Should conditions 
permit the use of this method, the stress on the 
insulator will be minimized; but if the electromagnetic 
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force is strong enough to exceed the elastic limit of 
copper it will bend the bar permanently, thereby 
reducing the ground clearances or actually grounding 
the system. If the deformation is great enough and the 
number of spans is large, it may happen also that the 
buses will slip out of the end insulators. Another 
suggestion that has frequently been made is to use 


— 
=m 


Fig. 8. Insulated Rod Type Supports Arranged 
One Above Another 


a= 
ee) 
as 


spring washers at the clamps or to put spacers in the 
clamps, so that the bus will not be clamped tightly to 
the insulator. The inherent weakness of these latter 
constructions is the same as that of the first, and in 
addition they may introduce a slapping action which 


a 


„O 


Fig. 9. Insulated Rod Type Support for 


15,000-volt Service 


will hasten the destruction of the insulator on account 
of a hammer blow introduced by the sudden applica- 
tion of a large force in the direction of the clearance 
between the clamps. 

The practical method of reducing the effects of 
longitudinal stress is to place the buses on edge with 
respect to the direction of the electromagnetic force, 
preferably as shown in Fig. 3, because the supports 
in this case are subjected to tensiòn or compression, 
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CHART I CHART III 


ELECTROMAGNETIC FORCE ON BUSBARS CAUSED BY VALUES OF STRESS FACTOR 
SHORT-CIRCUIT CURRENT 


z ellesett 
; Feleket] o D 


Note (a): For short spans the stress factor varies so 
much (from 2.3 to 5.7) as to render special calculation neces- 
sary in all such cases. This Note may also serve as a warn- 
ing against the introduction of intermediate supports on 
long spans, as such an arrangement may produce resonance. 

‘OTE (b): It is impossible to use one stress factor for 
this condition on account of various values for different in- 
sulators and special calculation must be made. 


CHART II CHART IV 
ELECTROMAGNETIC FORCE CORREC- VALUES OF FACTOR B FOR DIFFERENT NUMBER AND 
TION FACTOR FOR BUSBAR SHAPE SIZE OF BUSBAR LAMINATIONS 
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be used, separating the phases to reduce the stresses 
and placing in the buses flexible connectors made of 
braided copper. These connectors should be inserted 


at intervals of 4 or 5 spans, preferably between . 


CHART V 
STIFFNESS FACTOR S OF TYPICAL INSULATORS 
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connectors will also help to reduce the insulator stress 
that arises from linear expansion and contraction of 
bus copper due to temperature changes. If the total 
length of the bus in one straight run does not exceed 
50 ft., the elongation due to the usual variations of 
temperature is not sufficient to warrant the use of 
expansion joints. 


Moderate Duty Heavy Duty e Doty Where none of the foregoing methods will suffice to 
reduce the stresses to a safe limit, special supports as 
7,500 15,000 7,500 7,500 15,000 . va. 2 3 
Volts | Volts Volts Volts | Volts  SHownin Figs. 5 or 6 may be used. However, it must 
een ee ae be noted that the connection in such an arrangement 
7,000 | 5,100 14,000 11,500 | 9,000 must be taken off at a point other than the support- 
ing insulator. Some types of these insulators may be 
CHART VI 
VALUES OF F 
ScaleA ScaleB ORTA k 
0.50 5.0 
0.40 4.0 
0.30 3.0 
0.20 2.0 
0.10 1 0 Mittin 
© 008 08 
3 006 06 
ao5 0.5 
004 0.4 
0.03 03 
0.02 0.2 LLALL TUTIT in Oe benerteen 
0.01 01k Sp seed 
Scale A- 0.01 0.02 0.04 0.06 0.08 0.1 0.2 0.4 06 08 10 
Scale B- 1 2 3 OEE Peri 3 20 30 40 50 70 100 


Value of GP spz 


insulators of a short span because a short span will 

offer a greater resistance against the deformation 

from lateral forces. Incidentally, these flexible 
CHART VII 


VALUES OF FACTOR q FOR DIFFERENT 
NUMBER OF SPANS 


Number of Spans q 

1 34 
2 1 
3 1% 
4 2 
6 2% 
8 2% 

10 2% 


placed one beside the other (Fig. 7), or one above the 
other (Fig. 8), since their strength is very great in 
either direction. Fig. 9 shows an insulator for voltages 
above 3500 volts of a construction similar to those in 
Figs. 5 and 6. 

After arriving at a preliminary selection of the bus 
arrangement, the stresses to which the insulators will 
be subjected during a short-circuit should be checked. 
A practical method for their approximation will now 
be described. 


CALCULATION OF MAXIMUM SUPPORT STRESS 
Lateral Stresses 
From a knowledge of the initial r.m.s. value of the 


total short-circuit current, and the spacing between 
the phase centers, the electromagnetic force in 
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pounds per foot exerted on the buses may be readily 
determined by referring to Chart I. In this chart the 
horizontal line representing the short-circuit current 
value intersects the oblique line corresponding to 
the bus spacing in inches. Beneath this point of inter- 
section, the electromagnetic force in pounds per foot 
may be read on the horizontal scale. 
CHART VIII 


COMBINED LATERAL AND LONGITUDINAL 
SUPPORT STRESS 


1000 1000 
1400 
1300 
900 900 
1200 
800 800 
1100 : 
1000 
700 700 
900 
600 600 
800 | 
500 : 700 | 500 
600 
400 400 
500 
300 300 
490 
200 300 200 
200 
100 i 100 
A c B 


To find the total-lateral force P upon the insulator, 
multiply the value just found in Chart I by the 
length in feet between the supports, by the shape 
correction factor from Chart II, and the by stress 
factor p selected from Chart III in conformity to the 
arrangement of supports used. 

Chart III contains the commonly used spans; others 
may be interpolated with an accuracy sufficient for all 
practical purposes. 
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Stress Factor 

The stress factor p may be determined from 
Chart III for those cases where special calculation is 
not necessary. 


Longitudinal Stresses 

Having ascertained the lateral support stress P, 
one must determine the factors B and C from the 
formulas 


26X500 A 6X37 LXSXA 
s= ~ ande 


B aee e sh oS 
L? 17X2A+(12LSX 10) 


before the longitudinal force F’ on a two-span bus 
structure can be figured from 


F’ (F'+ B} =CP? 
In these formulas 


A=the total cross-sectional area of the bus at 
the place where the longitudinal force is to be 
determined. 

L= the length of bus-bar span between centers of 
insulators, in feet. 

S = stiffness of insulator in the direction of the 
longitudinal forces, in pounds per inch. 


This procedure however can be simplified to quite 
an extent if we take into consideration only such 
laminations as are used in the majority of cases. 
Chart IV gives values for one 2X14, two 2X4, and 
one to four 4X14 laminations. 


Furthermore, with sufficient accuracy for all practical 
purposes, the factor C may be taken as 


C=0.37LXS 


Selecting now the value of S from Chart V, this factor 
can be determined. Find now the value of 


GP 

B 
If this value is less than 1, then use the horizontal 
Scale A in Chart VI, follow it vertically until it 
intersects Curve M and the horizontal line will give 
the factor gı on vertical Scale A, with which B must 
be multiplied to obtain F’ 


F’=g, B lb. 


Should the values of m be between 1 and 100 then 


use the horizontal and vertical Scales B and Curve N 
in Chart VI. This value of F’ is the longitudinal 
force on the end support of a bus structure consist- 
ing of two spans only; for more than two spans, 
multiply F’ by a factor q from Chart VII to obtain 
F, the force acting on the end insulator. 

The combined lateral and longitudinal support 
stress will be found for the bus arrangement shown in 
Fig. 1 from Chart VIII. Locate P and F on Scales A 
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and B and draw a straight line between these points; 
the intersection of this straight line with Scale C 
gives the resultant support stress. Comparing this 
stress with the breaking stress of the insulator in 
question, given in Chart IX, it will be seen whether 
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tension are not directly comparable. Therefore pro- 
ceed as follows: 

Multiply the lateral stress P by the ratio of the 
breaking stress for bending to the breaking stress in 
tension (taking these values from Chart IX) and add 


CHART IX 
; BREAKING STRESSES FOR PORCELAIN-POST INSULATOR BUSBAR SUPPORTS 
Tension........... aS ...... 3.500 Lb.  Tension....... Sees ka Gee eens : . . 7,000 Lb. 
Compression..................++.+..29,000 Lb. Compression......................25,000 Lb. Phe tne Va ge ah mata has 00,000 Lb. 
Moderate Duty Heavy Duty Extra-heavy Duty 
7500 Volts 7500 Volts 7500 Volts 
Tensioni sc os tate weee ee oe ees x. “Tensione 3+ on sate bee Gees hae Bards : Rida Diner EOT 7,000 Lb. 
Compression. ...........-20+.+++++209,000 Lb. Compression......................30,000 Lb. Compression...........-.......++. 55,000 Lb. 
Moderate Duty Heavy Duty Batri haay Duty 
15,000 Volts 15,000 Volts 15,000 Volts 


Cantilever Strength 


Cantilever Strength 
in Pounds 


i 
Cantilever Strength in Pounds 
in Pounds —4— 1500 
Ea alas —3— 2000 
— 3— 1300 meee 
—2™ 1600 oe 
— ]— 2000 
2300 


Cantilever Strength 


Cantilever Strength 
in Pounds 


Cantilever Strength 
in Pound 


in Pounds — 4°— 1800 EE 2000 
Ei i — 3"— 2000 — 3— 2700 
ee “ee 1300 3 2600 — 2— 3400 
Ba — I 3300 ted 4200 
— 1"— 2000 EOT 
2300 


the structure is safe. A good practice is to con- 
sider it unsafe unless there is a safety margin of 100 
per cent. 

For bus structure arranged as in Fig. 4, Chart VIII 
cannot be used because the stresses in bending and 


P 4 
k— — 5% ot 


the longitudinal force F. Compare the result with the 
breaking stress in bending for the insulator in ques- 
tion as given in Chart IX; and if there is less than 100 
per cent safety margin, the stresses should be reduced. 
by any of the methods previously described. 


Red Brick Building Floodlighted 


That buildings need not be of white or light-colored 
material in order to be floodlighted has just been 
demonstrated by the illumination of a group of red- 
brick factory buildings comprising the Johnson and 
Johnson plant at New Brunswick, N. J. 

Because red is a very poor reflector of white light, 
the floodlighting units were equipped with red 
lenses. The effect is unusual and spectacular, and 
attracts the attention of persons traveling on nearby 


highways and on the main line of the Pennsylvania 
Railroad between New York and Washington. 
When the matter of floodlighting this plant was first 
suggested, tests were made in the Illuminating Engi- 
neering Laboratory at Schenectady with projectors 
having various colored lenses. White light promi- 
nently revealed the mortar between the bricks, but 
when red was substituted the effect was of a soft spread 
of light which could be seen at a cosiderable distance.. 


$ 
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Modern Equipment for Mass Transportation 


Analysis of the Traffic Problem—Types of Trolley Cars—Determination of Motor Capacity— 
Transportation by Buses—Comparative Costs of Bus and Trolley Operation 


By J. C. THIRLWALL 
Railway Engineering Department, General Electric Company 


civilized tendencies, the transportation problem 

has been in evidence. The various early forms 
of animal-drawn wheeled vehicles with their limita- 
tions of capacity and speed underwent compara- 
tively little improvement during the centuries preced- 
ing the modern age. The first material change came 
with the development of the steam locomotive, early 
in the nineteenth century, making possible mass 
transportation as we know it today, which in turn is 


Hi since when, ages ago, man began to show 


Fig. 1. 


the basis of the industrial civilization in which we live. 

Modern steam or electric trains carry groups of 
hundreds of passengers at average speeds of forty to 
fifty miles per hour. Electric subway trains carry 
individual loads of fifteen hundred to two thousand 
people at average speeds of sixteen to eighteen miles 
per hour. Single trolley cars move one hundred to one 
hundred and twenty-five persons through congested 
city traffic at nine to ten miles per hour, and in many 
cases operate on headways of fifteen to twenty seconds. 

Mass transportation has arisen largely through the 
difference in the demands of the present day and of 
the requirements of long ago, chiefly in connection 
with suburban traffic. What such mass transportation 
means can be illustrated. Boston proper has a popu- 
lation of 800,000; the daily passenger movement from 
adjacent communities into Boston, by steam cars, 
trolleys, buses, and automobiles is approximately 
the same number; and the Boston Elevated, which 


‘ 
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operates nearly all of the rapid transit and surface 
line mileage, handles an average of 1,100,000 people 
on each week day. The city of Philadelphia has a 
population of 2,000,000, and the Philadelphia Rapid 
Transit Company carries daily 2,750,000 passengers; 
and 300,000 others are carried in private automobiles. 

Of all the agencies serving the traveling public, 
particularly in the cities, the electric railway occupies 
the preéminent position and is, as yet, absolutely 
indispensable to the very life and growth of an urban 
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Surface Cars in a Typical Traffic Scene 


population. Even in spite of the tremendous growth 
of the use of private automobiles and of gas-propelled 
buses, the electric railways still carry in the larger 
cities 80 to 90 per cent of the riding public. 
Moreover, the traffic is very largely concentrated 
within a period of an hour and a half in the morning 
and likewise during one hour in the evening. It is the 
ability to handle the peak loads of the home-going 
rush that really governs the size and type of the 
vehicle and of its equipment. It 1s nouncommon 
condition on surface-car routes in the larger cities to 
have cars carrying loads of 125 passengers operating 
on thirty-second headways, taking 15,000 people away 
from the business district between five and six p.m. 
In the New York subways, ten-car trains operating 
ing on ninety-second headways carry 60,000 passen- 
gers per hour in each direction from the business area. 
However, it is more usual in small or medium-size 
cities to select the rolling stock to meet the conditions 
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of individual lines on which 400 to 800 people must be 
carried home during the evening rush hour. 
From the standpoint of economical operation, large 


cars on long headways would meet the latter condi- 


tion admirably. For instance, a line 2.5 miles long 
would require thirty minutes for a round trip. Two 
cars, each carrying 50 seated and 70 standing pas- 
sengers, operating on fifteen-minute headways could 
carry away 480 people per hour; three cars, on ten- 
minute headways, could accommodate 720 people. 
But riders do not like to wait ten to fifteen minutes 
for a street car. If such long headways are maintained, 
many will use their autos and many more will walk. 

To satisfy this demand, smaller units on shorter 
headways are quite widely used. These are usually 


single-truck cars, seating 29 and capable of carrying, 
without undue crowding, about 26 additional pas- 
sengers, standing. Five such cars on six-minute 
headways could carry home 550 people per hour; 
seven on 4.5-minute headways, could accommodate 
715. These cars weigh about 15,000 lb, each; the 50- 
passenger car weighs about 34,000 lb. Three of the 
latter weigh very nearly, as much as seven of the 
former ;-thus the energy consumption would be almost 
the same in either case. Maintenance of equipment 
and of tracks is closely proportional to the total ton- 
miles moved, so there would be little to choose here. 
The only increase in operating cost, therefore, through 
the use of the smaller cars is the increased wage of the 
operators or motormen (assuming that both types are 
one-man operated). Four extra men are required for 
the small cars. Their wages would amount to about 
$2.50 per hour. If forty more passengers (less than 
6 per cent of the total) at seven cents each are attracted 
by the more frequent service the operating company 
has justified its selection of equipment. In many cases, 
a reduction of 50 per cent in headways operated has 
resulted in 25 to 30 per cent increase in riding. 

The so-called Birney Safety cars were originally 
designed to provide a service cheap enough to permit 
the maintenance of a five-cent fare. They were, twelve 
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Fig. 2. A New Low-level Steel Safety Car 
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years ago, far lighter per seat than anything on rails. 
These cars are about 35 ft. long, seating 29 passengers. 
if double-end and 35 if single-end. A single truck with 
814-ft. wheelbase is used on which are mounted two 
25-hp. motors, usually of either the type having ball 
bearings on the armature shaft, or that having sleeve 
bearings. The usual form of platform controller is 
used; but other special control devices known as 
safety features were first introduced on this type of 
car. These consist of a special “dead man’s handle” 
for the controller so interlocked with the air-brake 
system that if the car operator loses conscious control 
of the car and releases his downward pressure on the 
control handle, the brakes are applied in full emer- 
gency, sand is applied to the rail to assist in making a 
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quick stop, and thedoors, which arenormally held closed: 
by air pressure, are balanced so that they can be 
pushed open by a passenger. These cars were designed 
to be operated by one man, so the ordinary door 
control is put into the brake valve and the doors 
themselves are so arranged that they cannot be 
opened, save in emergency, until the brakes have been 
fully applied and the car brought to rest. 

The more usual type of city car has four motors on 
double trucks, and has a body seating 44 to 52 people. 
Such cars, equipped but without load, will weigh from 
30,000 to 36,000 1b. The motors in the lighter types. 


will be of 25-hp. rating and, in the heavier, of 35-hp. 


rating at 600 volts. They ordinarily use platform 
controllers; but, where train operation is considered 
desirable, as in Chicago or Oakland (Calif.), either- 
light-weight pneumatic or magnetic type remote 
control is used. Both types employ groups of 
contactors, carried beneath the car body. In the former: 
type, the contactors are brought in and dropped out 
by a cam shaft rotated by an air engine, the engine 
being controlled by magnet valves energized from a 
master controller on the platform. In the latter, each 
contactor is solenoid operated, the solenoids being 
energized from a master controller. On such cars air- 
brakes are always used. A typical compressor provided 
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in a large number of instances has a capacity of 
15 cu. ft. of air per minute, and operates against a 
pressure of 90 lb. per sq. in. Its distinctive feature is 
the mounting of the gear in the center of the crank- 
shaft, and a single bearing for the motor armature. 
Oil is carried up from the bottom of the crank case by 
the gear and thrown into a splash pan at the top, 
which carries it to every bearing and allows it to flow 
back into the reservoir. 

Rapid transit cars on the elevated and subway lines 
of our largest cities are always equipped with two 
motors and with multiple-unit control, and a large- 
capacity multiple-unit contactor-type control, usually 
cam operated, of the previously mentioned type. 
These cars are ordinarily much larger than surface 
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is reduced from approximately 475 1b., as on the 
Interborough type, to 310 lb. The riding qualities of 
these units are excellent, and a reduced number of 
trucks, motors and controllers have to be maintained. 
It is probable that these articulated units will be 
widely used in this class of service. 

It seems well to analyze at this point the motor 
capacity required for these classes of service. Surface 
cars on city lines are usually geared for 25 to 27 mi. 
per hr. maximum speed at 550 to 575 volts (the aver- 
age usually obtained at the cars, though 600 to 625 
volts are carried at the substation). Now it only takes 
about 3 amp. per ton to maintain such speeds against 
a friction of 25 lb. per ton, which would be the equiva- 
lent of about 2 hp. per ton after allowing for the motor 


Fig. 3. A Three-unit Articulated Car Used for Subway Service 


cars, but because of side doors their seating capacity 
is not much greater. For instance, the Interborough 
cars in New York City seat only 52, but have a 
standing capacity of over 100. The Brooklyn-Man- 
hattan Transit Subway cars, however, accommodate 74 
seated, and about 150 standing, passengers. Most ele- 
vated cars in New York, Brooklyn, Boston and Chicago 
are comparable to the Interborough type. Subway 
cars in Boston and Philadelphia approximate the 
Brooklyn-Manhattan Transit size. The former weigh 
about 76,000 lb. and use two 120-hp. motors; the lat- 
ter weigh about 94,000 lb. and use two 160-hp. motors. 

The most recent design for subway service is the 
articulated type adopted by the Brooklyn-Manhattan 
Transit Corporation. These are three body units, 
mounted on four trucks, two of which are beneath 
adjacent platforms. Each of these units seats 160 
passengers and has a combined seating and standing 
capacity of 559 passengers. Three units are commonly 
coupled together in rush hours, with a total capacity 
per train of 1677 people. 

The weight of such a unit, without load, is 172,000 
lb. Four 195-hp. motors and two pneumatic cam con- 
trollers are used on each three-body unit. A compres- 
sor having a capacity of 35 cu. ft. per min. supplies air. 
By this construction, the weight per passenger handled 


efficiency; but the weights must be accelerated to 
the free running speed and as rapidly as passenger 
comfort will permit. So, while only 20 to 25 Ib. 
tractive effort per ton may be required to overcome 
rolling and windage friction, 150 to 200 lb. additional 
tractive effort per ton may be required for the initial 
acceleration. This requires motors rating 5 to 7 hp. 
per ton and capable of developing 35 to 40 per cent 
more power for brief periods at each acceleration. 
As an illustration, let us take the standard surface 
cars used by the Boston Elevated Railway System. 
These weigh 31,000 lb. empty, and with average load 
about 17 tons. They use four motors which have an 
hourly rating of 37 amp. at 600 volts, or 25 hp. The 
total rated capacity (100 hp.) is thus approximately 
6 hp. per ton. These motors will stand accelerating 
currents of 50 to 55 amp. giving an output for a few 
seconds at each start of 35 to 37 hp., or 8.5 hp. per ton. 

Similarly, the Detroit Municipal Railway operates 
425 modern cars seating 52 passengers and weighing 
with average load about 21 tons. They are each 
equipped with four motors, rated 51.5 amp. at 600 
volts, or 35 hp. The rated total (140 hp.) is 6.7 hp. per 
ton. The motors, however, will stand 75 amp. 
accelerating current, which corresponds to 9.7 hp. 
per ton. 
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The Brooklyn-Manhattan Transit articulated sub- 
way units, weighing with average load about 100 
tons and carrying 780 rated hp. of motors have even 
more power per ton of weight; but such equipment 
must have not only the ability to accelerate nearly 
as rapidly as a surface car, or at about 1.75 mi. per 
hr. per sec., but must have free running speeds of 
about 45 mi. per hr. Such equipments, with few 
exceptions, use tapped field control, whereby they 
accelerate initially on full field, but finally on a 
weakened field, giving an effect equivalent to a two- 
speed transmission in an automobile. This permits the 
use of a greater gear reduction and consequently 
obtains a higher tractive effort than would be practi- 
cal on full field operation. The complications of field 
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control, however, have made its use on the usual 
trolley car impractical and it is rarely used except for 
high-speed equipments. 

Interurban cars, also, since they frequently run 
at 45 to 60 mi. per hr., require ample horsepower rat- 
ings per ton, although the rate of acceleration in 
service requiring infrequent stops is less important 
than where stops are close together. For instance, 
a number of four-motor tapped-field equipments 
have been applied to cars, weighing with average 
load about 21 tons, that will make 45 to 47 mi. per hr. 
at 600 volts. The rating of the motors of this type used 
on light weight cars is 40 hp., so these cars have about 
7.6 hp. per ton. Others, weighing about 27 tons, 
carry four 60-hp. motors, or nearly 9 hp. per ton 
Still others, weighing about 40 tons, use four 90-hp. 
motors, giving also 9 hp. per ton. The two latter types 
are geared for 55 to 60 mi. per hr. and seat 56 pas- 
sengers. The former seats only 44. 

The most recent type of vehicle used in mass 
transportation is the rubber-tired, self-propelled bus. 
Its efficacy for such service on city streets, as 
compared to the trolley car, is the subject of much 
argument. However, they are being used by railway 
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Fig. 4. A Light-weight Double-truck Car for Interurban Traffic 
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companies in increasing numbers and on more and 
more heavy traffic routes. For instance, Philadelphia 
has some 600 on city runs; Newark (N. J.), over 300; 
Boston 150, etc. The double-deck buses used on 
Fifth Avenue in New York City are familiar exam- 
ples, also. 

The most commonly used, however, are single- 
deck buses seating 29 to 33, and capable of carrying 
in decent comfort a maximum of perhaps 55 to 60. 
They are propelled by engines that develop about 
80 to 90 hp. but which, owing to auxiliary apparatus 
losses in the charger, pump, fan, etc., transmit not 
over 65 to 75 hp. to the drive shaft. Such buses 
weigh when empty 13,000 to 15,000 lb. and with 
average load about 8 to 9 tans; thus their maximum 
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horsepower per ton is appreciably less than that 
available for acceleration on the rail car, and the 
friction of a bus is decidedly higher. Moreover, time 
is lost in mechanical transmission in the process of gear 
shifting and in accelerating the engine after each gear 
shift to its speed of maximum output. The accelera- 
tion of the bus is normally much lower than that of a 
trolley car, and its schedule speed, despite its ability 
to maneuver through traffic is usually less than the 
rail car. | 

However, the development of electric transmission 
for such vehicles has materially improved their 
schedule speeds in city service; and some 1800 buses 
are already equipped with electric drive. The standard 
equipment for these buses is a direct-current gen- 
erator direct coupled to the engine and two motors of 
railway type each connected by a drive shaft tô 
separate gears on the rear axle. The generator is 
shunt wound, with a teaser field that is connected 
across the battery for a few seconds at each accelera- 
tion. Its output at 225 volts is 295 amp. or 66.5 kw. 
The rating of each motor is 225 volts and 150 amp., 
or 33.7 kw. The equipment is capable of transmitting 
to the drive shaft the output of an engine actually 
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delivering 90 hp.; and the engine builders are increas- 
ing their output until they begin to approach this 
figure. A small controller is used having a forward, 
reverse, and neutral position, with an additional 
contact for electric braking, at which point the motors 
are reversed and put in series with a rheostat. 

Suchan electric equipment adds about 20001b. to the 
weight of the bus, and about 20 per cent to its initial 
cost; but by eliminating gear and clutch movements, 
and by permitting the engine to operate at its point 
of maximum output while power is required, it makes 
possible faster schedules, reduces mechanical shocks 
and torsional strains on the engine and chassis, and 
gives to the passenger a smoother and less noisy ride. 
These advantages have led the Public Service Trans- 
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200 bus miles per hour. The relative cost per hour of 
operation will be as follows: 


Cars Buses 

Maintenance of Way and Structure......... $4.80 $ 0.40 
Maintenance of Equipment................ 3.60 12.00 
CTEW EX aal ovr R E TEIE O E T T 7.20 12.00 
POM E EE PAE E E E E E A E S ee 4.20 6.00 

TCO: EET EN ITERE EEFT sat LTE EAE $19.80 $30.40 
Increased costs per hour, peak (4 hours)........... $10.60 
Increased costs per hour, normal (14 hours)........ 5.30 
TnCTOASed COSTE DEF DRY j6iis 8 ha GR A OS 6 ee 116.50 
Increased cost per year, approximately............. 42,000 


Twenty-three buses, including spares, would cost 
about $275,000, and the cost of their garage would 
add $55,000, making a total investment of $330,000. 
The depreciation and other fixed charges on this 
would be about $53,000 per year. 


Fig. 5. A Typical Gas-electric Bus 


portation Company of New Jersey to repeatedly add 
to their equipment to the extent of acquiring a total 
of 900 equipments duririg the past three years; the 
Mitten Management to buy. nearly 700 for Phil- 
adelphia and Buffalo, and the Capital District 
Transportation Company to place about 70 of them 
in service in Albany and Troy. 

But, assuming that a bus can make as good a 
schedule as a street car, its smaller capacity and higher 
operating costs are handicaps to its success. Assume a 
five-mile route through a large city, extending 2.5 
miles in each direction from the business center, making 
a round trip distance of ten miles, and assume that 
either rail cars or buses can make the round trip in 
one hour. If traffic is reasonably heavy, it will require 
five minute headways for rail cars carrying 100 
people each during the peak hours, or 12 cars. This 
means that 1200 people per hour will be taken in each 
direction from the business district during the period, 
say, from 4:30 p.m. to 6:00 p.m. Since the buses carry 
only 60 each, they would have to operate on three- 
minute headways, and 20 would be required to take 
away the same volume of traffic. The twelve street 
cars will make 120 car miles per hour; the 20 buses, 


Thirteen rail cars would cost $180,000. Tracks and 
line at $110,000 per route mile, including paving, would 
cost $550,000. Power and substations of adequate ca- 
pacity would add $100,000. Shops would cost $40,000. 
The total investment would be $870,000, or more than 
double what the bus installation would require. The 
depreciation rate however, would be decidedly less. 
The buses themselves constitute the major part of the 
investment and certainly have not more than ten years 
life. Street cars have at least twenty years of useful 
life; and thousands are in service much longer. Aver- 
age adequate depreciation on electric railway property 
is only 3.2 per cent. The total fixed charges on the 
entire investment should not exceed $113,000 per year. 
This is $60,000 more than on the buses as against a 
saving of $42,000 in operating cost; so the buses would 
appear more economical if a new line were to be built 
and equipped to handle this volume of traffic. 

On the other hand, if the rails are already laid, 
the overhead lines in place, power and substations 
installed, and the question is simply whether to 
purchase new rail cars or to substitute buses, both 
first cost and operating cost will decidedly favor the 
continuance of rail operations. 
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Reflection of Light by Terra Cotta Surfaces 


Knowledge of the Fundamentals of Reflection Essential to Wise Choice of Material—_ 
| Daylight and Floodlight Effects—Results of an Extensive Test— 
Conclusions as to Types of Surface 


By FRANK BENFORD 
Research Laboratory, General Electric Company 


artificial stone, and particularly of terra cotta 

for the facades of buildings of the better class 
makes the subject of the reflection of light by these 
materials of considerable interest. A large number of 
recent buildings are of sufficient civic importance or 
architectural worth to warrant their being floodlighted 
so as to stand out against the night sky. America 
is developing a distinctive and imposing type of city 
architecture that is particularly adapted to American 
needs, and it is no easy burden that is laid on the 
illuminating engineer when he is asked to codperate 
in maintaining the beauty of a facade at night, and 
perhaps to add a touch of fairlyand magic that the 
light of day seldom gives. 

Even in the present transient state of architecture, 
while the step-back building 1s in its first stages 
of development, and floodlighting is the exception 
rather than the rule, the night appearance of our 
larger cities has been transformed. For the time being 
we are inclined to be content with a floodlighting 
installation that covers the facades at all points, and 
the details of the engineering do not painfully thrust 
themselves upon us. This happy condition 1s largely 
a touch of that pleasing ignorance that leads to bliss, 
but this also is transient. As the architect and engineer 
develop skill in the applications of materials and light 
to this problem, there will grow up a technique and a 
critical point of view that will not let us be content 
with certain conditions that are now acceptable on 
account of their novelty. Therefore, there need be no 
apologies made here for going into some of the simpler 
fundamentals of floodlighting as applied to terra- 
cotta façades. These fundamentals are well estab- 
lished facts in other arts, and they, along with a vast 
array of derived data, will soon be the engineering 
foundations upon which will nightly rise glowing forms 
of beauty that will charm and delight beyond the 
“castles in Spain” of our childhood fancy. 

One happy result of more attention to facade 
illumination will be the impression made on the 
airplane passenger who sees our cities first from the 
air rather than from a Pullman window. Certainly 
the chance to make a good first appearance will not be 
lost,and the backyard view that now greets the curious 
eye of the stranger will no longer require apologetic 
explanations. American architecture is rapidly break- 
ing away from ancient traditions and developing 
along sound engineering and climatic lines, and the 


Te rapidly increasing use of high-quality brick, 


increasing simplicity and honesty of construction, 
which are after all the very soul of architectural 
beauty, are a challenge to the best skill of the illumi- 
nating engineer. 


ILLUMINATION FUNDAMENTALS 


Two Types of Reflection 

Light is reflected from opaque surfaces in two ways 
that have distinct names, but the two processes of 
reflection are but limiting cases of the same phenom- 
enon. In the materials in which we are interested the 
two are so combined as to be almost inseparable, and 
we can speak of them only by the general names of the 
“specular” component and the ‘diffuse’ component. 
The most familiar example of specular reflection is 
met in the glass mirror of daily use. Here, the inci- 
dent light is reflected regularly so that an image can 
be seen in the mirror. Many surfaces such as unsilvered 
glass, varnish, or a vitreous glaze possess this prop- 
erty of specular reflection; and it is of great impor- 
tance in the case of the glaze applied to terra cotta. 
Freshly fallen snow is the most familiar example 
of a mat surface; and when the snow becomes coated 
with a thin coating of ice we have one of nature’s 
combinations of a mat surface glazed with a specular 
surface. 


Specular Reflection 

The amount of light reflected from a specular sur- 
face varies with the angle of incidence, and in the 
case of some of the more common optical materials 
this phenomenon is known with great accuracy. 
Considering only the light reflected from the first 
surface of a piece of glass having a refractive index 
of 1.52, the amount reflected at normal incidence is 
4 per cent; at 30 deg. incidence it is 5 per cent; at 60 
deg. incidence it is 9 per cent; and at 90 deg. or grazing 
incidence it is 100 per cent. A piece of plane window 
glass, if receiving light within 2 deg. of grazing is as 
good a mirror as the best silvered mirror used in the 
usual manner, and this feature of almost perfect 
specular reflection at grazing incidence is common to 
almost all surfaces, many of which we ordinarily do not 
look upon as specular or glazed. 

The application of glazing to a mat surface leads to 
a composite surface that resembles two separate and 
independent surfaces, each reflecting a portion of the 
incident light. The light reflected from the first sur- 
face of the glaze may produce a glare spot that locally 
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almost conceals the mat reflection, although the 
latter may account for 95 per cent of the total light. 
It is nearly impossible to visually estimate the strength 
of the two components of a composite surface, and re- 
course must be had to photometric methods, under 
known conditions that duplicate to a large degree the 
actual conditions of installation. 


Diffuse Reflection 

The other type of surface, the diffuse reflector, is best 
exemplified by blotting paper. Equal amounts of light 
falling from any direction upon the blotter cause it to 
appear equally bright when viewed from any direction. 
This statement is not altogether exact, for even a blot- 
ter may be used as a crude mirror that will give a 
specular image at near grazing incidence. There are 
a number of surfaces that are often referred to as 
“perfect” diffusers. By “perfect” is meant the degree 
of diffusion, not the fraction of light that is returned. 
Thus, magnesium carbonate will reflect 98 per cent 
of the incident light by a process of almost perfect 
diffusion, and lampblack is an almost perfect diffuser 
that returns only a few per cent of the incident light. 
In illuminating engineering there is a constant call 
for diffusing surfaces that are not only perfect diffusers 
but also good reflectors; but it may be that the archi- 
tect wishes a different combination, such as good 
diffusion and moderate reflection, or high reflection 
and little diffusion. 


Reflection Factors 

The “reflection factor” of a surface measures the 
fraction of incident light that is reflected, but it does 
not specify the manner in which reflection takes place. 
A blotter and a silvered mirror may have identical re- 
flection factors although the manners of reflection are 
at opposite poles. It follows that the architect cannot 
define his reflecting surface by merely giving the co- 
efficient of reflection. The manner must also be speci- 
fied in some way, and this is extremely difficult to do 
because the extent and manner of reflection varies 
with the way in which the illuminating light falls 
upon the surface. No general rules are possible and 
recourse must be had to laying down specific condi- 
tions under which the surface will be used, and then 
duplicating more or less completely these conditions 
in the photometric analysis of the surface. 


Daylight and Floodlight 

The daytime appearance of highly glazed (specular) 
or good mat (diffusing) surfaces are related in a rather 
definite manner but not in a definite degree. Let us 
assume a facade to be faced with a highly glazed 
terra cotta having a coefficient of reflection of 0.70 
and another facade to have a good mat surface, and 
also a coefficient of 0.70. Let us view these two 
facades under a bright overcast sky. Each facade 
‘ receives equal amounts of light but the glazed surface 
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may appear twice as bright as the mat surface. In the 
glazed surface we would see a small section of the 
dome of the sky by direct reflection, but the bright- 
ness of the mat surface would depend on the sky 
brightness from horizon to zenith, t.e., one-half of the 
dome of the sky. But let us assume that we wish to 
make a visual comparison between specimens of the 
two surfaces, and the two specimens are laid on a 
horizontal surface under the same type of sky. The 
glazed surface will reflect, as before, a local spot of 
sky, but the mat surface will reflect light from the 

Assumed Installation Condition 
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Fig. 1. Conditions for Determining the Effective Coefficient 
of Reflection Under Floodlighting 


entire dome of the sky and hence will be twice as bright 
as in the first test (and as in actual service), and of 
course the visual comparison will be in error to this 
extent. Under illumination coming from the entire 
dome of a uniform sky the two surfaces will appear 
identically bright, but this is not a usual condition of 
illumination for facades. In general the specular sur- 
face as used will have a two to one advantage in 
brightness over the mat surface; and if we depend 
upon reflected light for the daytime illumination of 
the floors of city canyons, the specular surface is 
greatly to be desired. 

The optical conditions of floodlighting are essen- 
tially different from the optical conditions under 
natural light. In general, daylight has a strong down- 
ward slant, while floodlight has an even stronger up- 
ward slant. The choice of reflecting materials for 
effective service under both types of illumination is 
therefore a matter that requires careful study of the 
optical properties of the material under consideration. 

A large number of specimens of terra cotta have 
been tested in some detail for their optical prop- 
erties under the optical conditions illustrated in Fig. 1. 
The specimen is assumed to be installed on the 
facade of a step-back building, with the light incident 
at 60 deg. below the horizontal, the line of sight of the 
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observer being 30 deg. below the horizontal. These 
conditions are of frequent occurrence and may be 
taken as typical of a large number of floodlighting 
installations; but if the installation conditions vary 
greatly from these test conditions the following data 
will have to be modified, often to a considerable ex- 
tent. A good diffuser is obviously to be preferred for 
floodlighting, and as a specular surface has much 
to recommend if for daylight service it is evident 
that a mat surface covered with a transparent glaze 
is one of the combinations that seems to be a fair 
compromise between the opposing requirements of 
daylighting and floodlighting. 


Surface Texture 

The geometric character of the surface, t.e., the 
presence of ribs or raised figures has a vital influence 
on the reflecting properties of the surface; and later 


Fig. 2. 


Arrangement for Testing the Coefficient o. 
Reflection of Terra Cotta 


some test figures will be given to show the relative 
effect of having the ribs horizontal or vertical on the 
face of the building. The rates of depreciation of light 
reflection by the two surfaces will differ because the 
horizontal ribs will more readily collect dust, and here 
is a task in photometry that may have a bearing on 
future design. If the rate of depreciation is high, the 
vertical rib may on the average taken over a period 
of years be the superior light-reflecting surface. Later, 
one possible solution tothis problem will be pointed out. 
TESTS 

Various photometric tests have been made on a 
group of thirty-eight specimens of terra cotta; and 
an analysis of three of these tests brings out several 
important features about the action of these differ- 
ent specimens under different types of illumination. 

One set of tests was of the total reflection under 
diffuse illumination. This corresponds to the reflec- 
tion of diffused light received from the entire dome 
of the sky. These measurements were made with a 
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reflectometer that adds the reflected light regardless 
of its direction of incidence or its manner of reflec- 
tion. The same group of samples was given a second 
test under illumination striking at 60 deg. from the 
normal, and the brightness of the surface was photo- 
metered from an angle of 30 deg. from the normal. 
The two sets of data were arranged in the order of the 
coefficients as determined by the first test, and also 
in the order of brightness as determined by the second 
test. If the two measurements lead to the same order 
of samples then the two sets of data should plot along 
a straight line. In Fig. 4 the points are plotted, and 
the deviation from the diagonal line (or line of identi- 
cal order) is of such an extreme degree as to indicate 
a complete lack of identity between the two sets of 
readings. We can therefore say with absolute assur- 
ance that the only certain way to judge surfaces of 
this character for effectiveness under given conditions 
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Illumination of Specimen of Terra Cotta for 
Testing Coefficient of Reflection 


is to test under identical physical and optical condi- 
tions. Any variations in the relations between sample, 
light, and observer will lead to erroneous impressions 
and mistaken opinions. 


Horizontal and Vertical Ribs 

A group of twelve tooled, or dragged, surfaces were 
photometered for brightness under the foregoing 
angular conditions with the ribs first horizontal and 
then vertical. The gain by placing the ribs horizontal 
ranges from 0.03 to 0.15, or from six to thirty per cent. 
Here is evidently a factor that is worth studying for 
the sake of economy. There are several other factors 
that should be considered in connection with tooled or 
dragged surfaces. A horizontal rib collects dirt on its 
upper surface, but the lower surface is the effective 
reflecting surface and the depreciation for floodlight 
incident from below will differ greatly from the depre- 
ciation for daylight incident from above. Such a sur- 
face would tend to maintain its night appearance. 
while it gradually darkens in daylight. 
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There is an optical illusion in the appearance of a 
horizontal rib that is of interest and importance. 
Under illumination that crosses the rib, one side of 
the rib is bright and the other side is dark or even in 
absolute shadow. Such a surface, when viewed from 
a distance that permits the ribs to be recognized, will 
give an impression of greater brightness than will a 
flat surface of equal average brightness. This is be- 
cause we judge the brightness of a surface largely by 
the brightness of its more prominent features and 
tend to ignore the less prominent features, which in 
this case are the shadows of the ribs. 

It 1s possible that the same error of judgment will 
occur in the case of a façade broken by cornices and 
ledges when viewed from a great distance, and here 
may be a great aid in illuminating surfaces that are in 
a difficult position to reach with projected light. 


Texture and Glaze of Surfaces 

The great importance of the texture of a terra 
cotta surface as distinguished from its coefficient of 
reflection, or degree of glazing, can best be illustrated 
by photographs of various specimens under different 
conditions of illumination. It should be kept in mind 
that we are dealing with light, and a sand grain in the 
terra cotta that is only a thousandth of an inch square 
is just as effective in scattering the light that strikes 
it as is a rib that is a quarter-inch wide. Therefore, 
any surface that in its unglazed state feels rough to 


BRIGHTNESS ORDER BY TOTAL REFLECTION 


o 4- 8 12 


jI@ Zo 84 ZØ 82 B6 


BRIGHTNESS ORDER OSSLEVED AT 30° 
ILLUMINATED AT Go* FROM NORMAL 


Fig. 4. Comparison of Total Reflection and Effective Reflection 


the touch is a rough surface optically, and at several 
hundred feet it may visually react to illumination in 
the same way as a deeply pitted surface. 

In order to illustrate this and other facts the illumi- 
nation of the specimens was arranged as follows: On 
the left panel of each group of three photographs, 
Figs. 6 to 44, the light is a beam coming from 60 deg. 
below the normal with the line of sight 30 deg. below 
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the normal, as in the previous tests. The center panel 
is illuminated by a combination of direct and diffused 
light that corresponds to daylight when the sunshine 
penetrates a lightly overcast sky. The third, or right- 
hand panel, is illuminated by light incident normally, 
as occurs when floodlights are installed across the 
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Fig. 5. 


street and on a level with the illuminated surface. 
We are concerned here mostly with the left and center 
panels as representing usual floodlight and daylight 
conditions, respectively. 

The groups of photographs are arranged in the order 
of brightness under floodlighting conditions as deter- 
mined by photometric measurement. It will be ob- 
served that the photographs do not follow this order 
any too faithfully. There are too many independent 
steps in the exposing, developing, and printing to 
allow photography to be an accurate process for com- 
paring different surfaces, but the relation between 
the three panels in a group should be fairly accurate 
on account of all three going through the photographic 
process simultaneously. 

The color of the sample also upsets the photo- 
graphic comparison, and the gold samples are given 
a subnormal value due to the low sensitivity of the 
photographic plate to yellow light. 

The first group (Fig. 6) is a simultaneous photo- 
graph of white blotting paper under the three types 
of illumination. This was taken to demonstrate the 
substantial equality of the illuminations received on 
the three sections. 

In the photographs of the building material, the 
most noticeable feature is the erratic way in which 
the left-hand and center panels are related. In general, 
the rough and unglazed surfaces are relatively brighter 
under floodlight, and the smooth and glazed surfaces 
are darker. There are some seeming contradictions to 
this rule, notably the surface of the specimen in Fig. 7, 
which is a smooth white surface with a mat glaze. 
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Fig. 7. White, mat glaze Fig. 8. Cream White, special Fig. 9. Cream, .rough-ribbed 
mottled glaze mat glazed 


Fig. 10. Cream, 5-line tooled Fig. 11. White, lustrous glaze Fig. 12. Cream, 4.5-line tooled, Fig. 13. Cream, 8-line tooled, 
mat glaze mat glaze mat glaze 
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Sank 


Fig. 14. Buff, rough surface, 
unglazed 


Cream, 4-line tooled, Fig. 16. Cream, 8-line tooled, Fig. 17. Cream, irregular drag, 
mat glaze mat glaze mat glaze 
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Fig. 18. Cream, special pitted Fig. 19. Buff, smooth texture, Fig. 20. Cream, 4-line, complex Fig. 21. Buff, medium irregular 
surface, mat glaze unglazed tooled, mat glaze texture, unglazed 


Fig. 22. Cream, irregular basket Fig. 23. Buff, extra rough Fig. 24. Buff, irregular criss-cross Fig. 25. Buff and White, mottled, 
weave, mat glaze texture, unglazed combing, unglazed rough texture, mat glaze 


Fig. 6. Photographs of Blotting Paper as a Standard of Comparison Figs. 7 to 25. Photographs of Specimens of Terra Cotta Having Different Surfaces 


In the left-hand panels of three. the photographs were made by light from 60 deg. below the normal. 
In center panels, by diffused incident light. In right-hand panels, by light incident along the normal. 
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Fig. 26. Buff, irregular combing, Fig. 27. Light Gray. rough Fig. 28. Mottled Dark Cream, Fig. 29. Light granite, rough 
unglazed texture, unglazed rough texture, unglazed texture, unglazed 


Fig. 30, Conglomerate, Buff and Fig. 31. Conglomerate, White and Fig. 32. Light Granite, rough Fig. 33. Light Gray, 6-line 
White, rough texture, glaz2d Green, rough texture, glazed texture, unglazed tooled, smooth unglazed 
Fig. 34. Limestone, plain Fig. 35. Light Gray Limestone, Fig. 36. Light Gray Limestone, Fig. 37. Buff, White and Gray, 
texture, unglazed 8-line tooled, unglazed 6 and 8-line tooled, unglazed conglomerate, unglazed 
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Fig. 38. Light Granite, conglom- Fig. 39. Buff Mottled, smooth Fig. 40. Gold, smooth texture Fig. 41. Dark Granite, 
erate, lustrous finish texture, mat glaze mat glaze lustrous glaze 
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Fig. 42. "Nugget Gold,” mottled. ° Fig. 43. Gold, smooth texture, Fig. 44. Gold, smooth texture, 
rough texture, combination lustrous glaze lustrous glaze 


mat and lustrous glaze 
Figs. 26 to 44. Photographs of Other Specimens of Terra Cotta Taken in the Same Manner as Those in Figs. 7 to 25 


In the left-hand panels of three, the photographs were made by light from 60 deg. below the normal. 
In center panels, by diffused incident light. In right-hand panels, by light incident along the normal. 
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An examination of the surface with a low-power 
microscope will show that the reflecting surface is 
granular, and is optically as rough as the coarsest 
ribs. The smoothness is in the glaze, which fills in 
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Fig. 45. Relative Brightness in Plane of Incidence 
with Illumination at 60 Deg. 


Curve A: Material of Specimen in Fig. 8. 
Curve B: Material of Specimen in Fig. 7. 
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Fig. 47. Relative Brightness in Plane of Incidence 
with Illumination at 80 Deg. 


Curve A: Material of Specimen in Fig. 8. 
Curve B: Material of Specimen in Fig. 7. 


between the grains and presents an almost plane sur- 
face. The specimen in Fig. 44, which is gold plated, 
has an optically smooth surface and the effectiveness 
of this surface under floodlight is practically zero. 


The second striking feature is that the surfaces, 
as viewed under daylight (center panels) are strongly 
influenced by the degree of glaze. The photographically 
brighter surfaces are uniformly described as having 
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Fig. 46. Relative Brightness in Plane of Incidence 
with Illumination at 60 Deg. 


Curve A: Material of Specimen in Fig. 42. 
Curve B: Material of Specimen in Fig. 43. 
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Fig. 48. Relative Brightness in Plane of Incidence 
with Illumination at 80 Deg. 

Curve A: Material of Specimen in Fig. 42. 

Curve B: Material of Specimen in Fig. 43. 
a “lustrous glaze’ and the degree of brightness is 
almost independent of the character of the surface 
beneath the glaze. Thus the specimens in Figs. 11 
and 38, although at opposite ends of the scale of 
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floodlight reflection would, under daylight, be al- 
most equally bright. Here the small percentage of 
total light that is concentrated into a glare spot is 
the dominating factor in determining its daylight 
appearance. 

The character of the glare spots in the center panel 
reveal the true nature of the optical surface. The 
specimen in Fig. 7, having a soft or mat glaze over a 
mat surface, is wholly free from glare spots. The 
specimen in Fig. 11, with a lustrous glaze over the 
same surface, has a sharp glare spot at the bottom 
of the panel. This spot is from the surface of the glaze 
and not from the granular backing. 

A general comparison of all the photographs brings 
out quite strongly the floodlighting superiority of 
rough surfaces over smooth surfaces, of unglazed sur- 
faces over glazed surfaces, and furthermore the pres- 
ence of glare spots from the sun is seen to be a serious 
defect of the highly glazed surface. 

Several specimens, Figs. 33 and 35, were too small 
to be photographed with the ribs running horizontally, 
and that in Fig. 35 makes an interesting contrast with 
the one in Fig. 36 which is greatly similar in many 
respects but was photographed with the ribs hori- 
zontal. 

A final study of the beneficial effect of roughening 
the surface is given in Figs. 45 to 48. The arrows to- 
ward the center of the web indicate the direction in 
which the light was incident. The photometric analysis 
was made by observing the brightness of the specimen 
at various angles in the plane of the incident light. 
The observed variations in brightness were so great 
that it was necessary to use a logarithmic scale in 
order to make the curves legible at all points. Sur- 
face A in Fig. 45 is greatly inferior to surface B in 
coefficient of total reflection, but on account of the 
greater roughness of A combined with a lesser degree 
of glaze, surface A is almost equal to B for floodlight- 
ing; and as the incident light approaches grazing inci- 
dence the rough surface becomes markedly superior, 
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as shown in the lower quadrant in Fig. 47. If the cera- 
mic finishes (surfaces beneath the glaze) were identi- 
cal, there would result a clear superiority for the 
rougf and thinly glazed surfaces. A considerable part 
of the light from B is concentrated in forming a glare 
spot in the direction of the upward extension of curve 
B, Fig. 45, and this light is obviously wasted under 
floodlight, although as previously pointed out it may 
be desirable in the daytime. 

In the case of gold surfaces, Fig. 46, the increase 
due to changing from a smooth texture to a rough 
texture is of the order of three to one; and in addition 
the surface takes on a texture that is much more in- 
teresting and pleasing than the flat uniformity of 
the smooth surface. 

Figs. 47 and 48 illustrate the changed brightness 
of the four samples when the incident light is at 80 
deg., or within 10 deg. of the grazing direction. The 
useful downward light is greatly weakened and in the 
case of the white samples the rough surface 1s slightly 
superior instead of being slightly inferior as it was 
under light incident at 60 deg. from the normal. 
The gold samples show the same change, the rough 
surface being six times as effective as the smooth 
surface, and this change illustrates the increasing 
importance of roughening the surfaces as the light 
is incident at near the grazing angle. 

The photographs and test data here given merely 
indicate the complexity of the problems that the 
architect and engineer must face. A close study of the 
factors involved will lead to a more careful selection 
of building materials and, it is hoped, to a thorough 
consideration of the task of the illuminating engineer 
who all too often is not remembered until the build- 
ing is finished. His best efforts are then often of little 
benefit to either his peace of mind or his reputation. 
Earlier coöperation between architect and engineer 
will make them each wonder how he ever did business 
without the aid of the other, and every man with a 


seeing pair of eyes will call them blessed. 


Gas-electric Buses for Boston 


The increasing interest being manifested in electric 
drive for gasoline buses is evidenced by the decision 
of the Boston Elevated Railway Company to put 
28 such equipments in service in that city. This deci- 
sion was reached after a thorough trial of three of the 
electric vehicles for a period of a year. 

The 28 buses will be built by three different com- 
panies. Ten will be manufactured by the Twin Coach 
Company of Kent (O.); eleven will be manufactured 
by the American Car and Foundry Motors Company 


of New York; and seven will be built by the 
Versare Corporation of Albany (N. Y.); the electrical 
equipment in each case being of General Electric 
make. 

The ten Twin Coach buses will each be equipped 
with two electric generators for supplying power to 
two driving motors, and the seven Versare buses 
will each have one electric generator to furnish 
power to two driving motors. Similar details for the 
remaining eleven buses have not yet been determined. 
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The Series Capacitor Installation at 


Ballston, N. Y. 


Three-phase 1245-kv-a. Rating—Connected in Loop Circuit—Increases Load-carrying Capacity 
of Line—Improves Voltage Regulation—Equipment and Operation 


By E. K. SHELTON 


Lightning Arrester Engineering Department, Pittsfield Works 
General Electric Company 


cial service on the lines of the New York Power 

and Light Corporation at Ballston (N. Y.) the 
first installation of its kind in the world; a series 
capacitor for the compensation of transmission-line 
reactance. With the closing of the control switches 
in the substation, three single-phase 415-kv-a. capac- 
itors were cut into the 33,000-volt 3-phase circuit 


O: March 2, 1928, there was placed in commer- 


Fig. 1. A Single-phase Assembly of One of the Three 
Outdoor Series Capacitors 


running from Ballston to Amsterdam. The imme- 
diate effect was an increase of the load current in this 
circuit from 33 to 67 amp., and a very appreciable 


increase in the voltage on the distribution buses at - 


- Ballston. These actions illustrate one of the possi- 
bilities of the series capacitor: viz., the control of 
load distribution over loop circuits. The Ballston- 
Amsterdam 33-kv. circuit forms a part of one side 
of a loop system between the Spier Falls generating 
station and Amsterdam. With the compensation of 
the inductive reactance in the Ballston-Amsterdam 
circuit, the total impedance in that side of the loop 
is reduced and a corresponding increase made in the 
load-carrying capacity of that line. 


The use of the series capacitor to compensate for 
transmission-line reactance is a new advance in elec- 
trical engineering, for the practical application of 
such a capacitor has presented problems that, until 
recently, had been unsolved. The solution, as repre- 
sented by the Ballston installation, includes several 
interesting engineering achievements. The funda- 
mental principle involved is the compensation of the 
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Fig. 2. One-line Diagram of the Connections of the Series-capacitor 
Installation in the System of the New York Power and 
Light Corporation 

inductive-reactance effect of the line by the introduc- 
tion of capacitive reactance in series. This eliminates 
the line inductive reactance as a factor in voltage 
regulation and load limitation, and leaves only the 
factor of line resistance. In other words, with 100 per 
cent compensation of the inductive reactance of the 
line, the line as a unit is tuned to the fundamental 
60-cycle frequency. Therefore, as far as the line alone 
is concerned, the current during a short-circuit 
period would be limited only by the ohmic resistance 
of the line. In actual operation, however, this exces- 
sive flow of current does not take place, for in a trans- 
mission system there is other inductive reactance 
(generators, transformers, connecting transmission 
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lines, etc.) besides the line reactance that is com- 
pensated for by the series capacitor. Thus the short- 
circuit current is limited by the system reactance. 
Short-circuit currents may nevertheless build up to 
ten or twenty times normal load value, and if per- 
mitted to pass through the series capacitor would 
cause ten to twenty times the normal voltage drop 
across the capacitor. Obviously, means must be pro- 
vided for protecting this unit from such high-voltage 
conditions. The development of an effective and 
reliable protective equipment for this purpose has 
required much research and numerous laboratory 
tests. 

In the Ballston installation, the line reactance is 
24 ohms to neutral. To compensate for this reactance, 
a capacitance of 110 mf. per phase is required. Each 
single-phase capacitor unit is rated 415 kv-a., 3170 
volts, 132 amp., at full load, 60 cycles; and is insulated 
from ground for the line potential of 33 kv. Fig. 1 
shows a complete single-phase assembly of a series 
capacitor on the factory floor. The installation of 
these units in the outdoor substation at Ballston is 
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Single-phase Series Capacitors Mounted on Insulating 
Rack for 33-kv, Line Potential 
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shown at about the center of the frontispiece photo- 
graph of this issue. A close-up view of them ap- 
pears in the cover illustration. The location of 
this series-capacitor installation, and its connections 
to the adjacent system of the New York Power & 
Light Corporation, are indicated on the single-line 
diagram in Fig. 2. 

The şeries-capacitor assembly of the required 
microfarad rating is built up of units similar in 
appearance and detail to the capacitors ordinarily used 
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in shunt connection on industrial power circuits for 
power-factor correction. The same oil-treated paper 
dielectric is employed, and the unit assemblies are 
contained in hermetically sealed cases. The group 
of units for the 415-kv-a. assembly is rigidly mounted 
on an angle-iron rack structure which is in turn, as 
shown in Fig. 3, mounted on an insulating rack to 


Fig. 4. Close-up View of Capacitor Protective Equipment 


provide the insulation required to ground for the 
33-kv. line potential. The rack and capacitor cases 
are electrically connected to one terminal of the 
capacitor bank in order to maintain a definite poten- 
tial on the structure. The whole assembly is im- 
mersed in oil in an elliptical steel tank. The oil is 
required only as insulating medium because the loss 
in the capacitor is almost negligible (amounting to 
only 750 watts at full load rating for each single- 
phase capacitor). 

= To visualize the capacitor in another way, each 
single-phase assembly represents an area of 6200 sq. 
ft. of dielectric, or a bulk of approximately 800 Ib. 
of paper through which the power load on this circuit 
is transmitted. 

The protective equipment is designed to take care 
of two possible abnormal conditions: first, a short- 
circuit of the line on the load side, which would throw 
line voltage across the capacitors; and second, a die- 
lectric failure in the capacitor itself, which would 
shunt the load current through the short-circuited 
section. To provide this two-fold protection a com- 
bination of a special spark-gap and a shunting con- 
tactor, actuated by a high-speed mechanism, has been 
developed and tested under conditions of short- 
circuit current many times that which can be 
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obtained under actual service operation. Fig. 4 shows 
the protective equipment, with housings removed, 
mounted on the tank and cover of the capacitor 
assembly. The spark-gap is formed of tungsten-faced 
hemispherical electrodes to give fast operation and to 
avoid pitting and burning of the gap incident to the 
severe arcs caused by short-circuit currents. This 
sphere-gap, combined with a powerful magnetic blow- 
out and with shunting contacts, is mounted on in- 
sulators on an extension of the tank cover. The high- 
speed mechanism with the control relays is supported 
on the side of the tank directly below. The mechanism 
operates the contacts by means of an insulated rod 
carried up through one of the gap-supporting 
insulators. 

The sphere-gap is adjustable, and for this installa- 
tion is set to break down at 150 per cent of normal 
full-load voltage drop across the capacitor. When, 
due to short-circuit or overload, the voltage across 
the capacitor rises to this value, the gap arcs over 
forming a shunt path for the short-circuit line cur- 
rent thus preventing further rise of voltage across 
the capacitor. Through control relays, operated from 
current transformers in the line and gap circuits, the 
overload current trips the high-speed mechanism 
which then closes the shunting contactor and ex- 
tinguishes the arc at the sphere-gap. The mechanism 
operates extremely fast. It completes its perform- 
ance within 0.01 sec. In addition to its closing 
function, the high-speed mechanism is adjusted to 
open the shunting contactor and cut the capacitor 
back into service when the line current has decreased 
to approximately normal full-load value. 

Thus the protective equipment automatically short 
circuits the capacitor at a predetermined voltage, 
introducing the line reactance with its current limiting 
effect, and then cuts the capacitor into service again 
when the circuit conditions become normal. 

To protect against the possibility of a dielectric 
failure in the capacitor, the high-speed mechanism is 
designed to trip automatically and close the shunting 
contactor. This is accomplished by means of an imped- 
ance relay which has normally balanced current and 
potential windings energized from current and poten- 
tial transformers connected across the capacitor. Since 
current and voltage increase in direct proportion with 
respect to the capacitor, the balance is maintained at 
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all loads. Should a failure of dielectric occur, the 
potential winding of the relay is de-energized and the 
relay closes its contacts, tripping the high-speed 
mechanism and short circuiting the capacitor. In this 
operation, all three units are short circuited out of 
service and are locked out until a relay is reset by 
hand. 

The current and potential transformers required 
for the operation of the control circuits are supported 
from the tank cover over the capacitor assembly. 
The third bushing on the cover is employed to bring 
out the gap circuit through a current transformer 
which is separate from that carrying the normal load. 

This protective equipment was thoroughly tested 
at the factory for the complete range of short-circuit- 
current values up to 10,000 amp. and operated with 
entire satisfaction at all values. The same protective 
scheme can be applied to series capacitors for either 
higher or lower circuit voltages. Other possible 
methods of protection have been considered and 
tested, but they lack the effectiveness and reliability 
of the one which has been here described. The service 
results of this first installation have continued the 
satisfactory record made at the factory. 

With this practical demonstration of the ability 
of the series capacitor to compensate for transmission- 
line reactance, and its possibilities from an economic 
standpoint, it is seen that a device of fundamental 
importance has been made available to transmission 
engineers. With the elimination of line reactance, 
alternating-current transmission takes on the ad- 
vantages of direct-current transmission. Where line 
reactance limits the load that can be carried over a 
given circuit, the application of a series capacitor may 
easily double the load capacity of the circuit. The 
service possibilities of the series capacitor now having 
been made available, alternating-current power trans- 
mission has entered a new era. Great interest in the 
development of the series capacitor has been evi- 
denced by the larger utilities, and the operation of 
the Ballston installation is being closely observed by 
transmission engineers. This pioneer installation will 
be followed by others as soon as the usefulness of the 
series capacitor is fully appreciated. Thus the capaci- 
tor is rapidly expanding from its original limited field 
of application to a broad field of service in power 
transmission and distribution. 
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Single-stage Centrifugal Air Compressors for Cupola Blowing 


A new type of cupola-blowing equipment has been 
designed for the purpose of improving the melting 
operation in foundries by automatically insuring the 
supply of a constant wezght of air to the cupola, 
irrespective of atmospheric conditions and the resist- 
ance to the passage of air through the cupola. 

Instead of operating the cupola by supplying a 
constant volume of air, or air at a constant pressure, 
the new equipment supplies a constant wezght of air 
or oxygen. The reasons for this scheme of operation 
are as follows: A definite weight of oxygen is required 
to burn a certain weight of coke. Where operation 
is based on a constant volume of air, instead of on a 


Fig. 1. 


Typical Installation of a Single-stage Centrifugal 
Air Compressor for Discharging a Constant Weight 
of Air Per Minute to a Foundry Cupola 


constant weight, the weight of oxygen blown into the 
cupola in cold weather is excessive (because the air 
is then heavy) and this results in oxidized or burned 
iron. On the other hand, in warm weather, when the 
air is lighter, an insufficient weight of oxygen results 
in slow melting and spongy iron. 

The new equipment will be manufactured with 
either hand or automatic control, and can be set to 
give the proper weight of oxygen to meet varying 
operating conditions. A meter indicates the amount 
of air flowing. By slight adjustments of the mecha- 
nism, the amount of air can be kept constant and 
the oxygen delivered will remain constant regardless 
of atmospheric changes. 

The automatic gate and control panel can be set 
to obtain the best operating conditions. The operator 
has then only to start and stop the compressor and, 
since there are no wearing parts to affect the volume 
or pressure of the compressor, there will be no changes 


in the weight of oxygen supplied to the cupola for a 
given setting. 

Constant-speed motors are used with all sets, 
except when direct-current motors are required. Asa 
result, the weight of air flowing into the cupola is not 
controlled by variable speed, but by opening and 
closing the blast gate. This increases or decreases the 
resistance in the pipe line so that the total resistance 
through the pipe line and cupola is just sufficient to 
allow the proper weight of air to flow. When the re- 
sistance through the cupola increases, the blast gate 
is automatically opened wider and the total resistance 
is kept the same. Likewise, when the resistance in 
the cupola decreases, the blast gate partially closes 
so that the total resistance is kept the same and the 
weight of air flowing remains constant. 

The equipment has totally enclosed bearings pro- 
vided with forced lubrication, thereby minimizing 
the possibility of wear from the dust prevalent in a 


Automatic Gate and Control Panel Used in the 
Equipment Shown in Fig. 1 


Fig. 2. 


foundry. A gear-type oil pump, with a gravity feed 
from an oil reservoir located in the base of the main 
bearing housing, provides the lubrication to all bear- 
ings. This pump is also totally enclosed and is im- 
mersed at all times in a bath of oil. 

One-piece shaft construction eliminates all coup- 
lings, belts, or gears; and the entire equipment is 
compact, requires but small floor space and a simple 
foundation. The casing can be swung to any of eight 
different positions to simplify installation. All parts 
are readily accessible, and complete inspection can 
be made in a few minutes without the necessity of 
removing the pipes. 

All single-stage units are equipped with 230- 
volt, direct-current motors, or 2- or 3-phase, 60- 
cycle, 220-, 440- or 550-volt motors. Units that are 
larger than 58 hp. in rating may be driven by 2200- 
volt alternating-current motors, and steam turbines 
can also be used for the various sizes. 
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synchronous converters do not go much into 

the details of the actual connections of the 
slip-ring leads to the armature winding, nor mention 
the possible numbers of commutator bars which may 
be used. They assume that the student is already 
thoroughly familiar with armature windings from his 
previous work in direct-current machines, which 
assumption in many instances is not correct. This 
article is written for the purpose of clarifying some 


M = textbooks and handbooks treating of 
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Fig. 1. 


Lap or Multiple Winding of 24 Full-pitch Coils 
in Double Layer for a Four-pole Converter 


of the details of the construction of converter wind- 
ings about which the student of synchronous ma- 
chines often inquires. A treatment of wave windings 
in converters, which are uncommon and on which 
little information can be found, is also included. 

The armature of a synchronous converter is pri- 
marily that of a direct-current generator, but the 
winding is also tapped at the end opposite the com- 
mutator and leads are brought out to slip-rings. The 
number of leads depends upon the number of phases 
and poles, and upon the type of winding. The arma- 
ture may be lap or wave wound, each type presenting 
different problems in connecting the machine to the 
alternating-current supply. Lap windings are the 
most common and are simpler to analyze. Wave- 
wound converters are rarely used in practice, but 
their study is quite interesting. 


Definitions 

It is perhaps well to describe first the two types of 
armature windings—lap and wave—and to define 
phases as applied to converters. Although these terms 
are probably clearly understood, to restate their 
definitions at this point will aid the discussion which 
follows. | 

Lap, or multiple, windings are those in which the 
two ends of a coil are fastened to adjacent commutator 
bars. Fig. 1 shows such a winding in the developed 


form for a four-pole machine. It is double layer 
(two coil sides per slot), the full lines representing the 
conductors in the top of the slot and the dotted lines 
those in the bottom. The total number of commu- 
tator bars, or coils, assuming a simple winding, may 
be even or odd. It will be observed that there are four 
parallel paths through the armature between the 
supply lines. 

Lap-wound multipolar machines consist essentially 
of a number of bipolar units which operate in parallel 


`~ 
} To Slip Rings 


Fig. 2. Wave or Series Retrogressive Winding of 21 Coils in 


Double Layer for a Four-pole Converter 


electrically but which physically are connected in a 
closed circle. The winding is tapped at similar points 
and it can easily be seen that in multiple-wound arma- 
tures there are as many paths between brushes as 
there are poles. Therefore, in order to utilize all of the 
conductors, the number of brush sets required is also 
equal to the number of poles. 

Wave, or series, windings have the coil ends fast- 
ened to commutator bars approximately two pole 
pitches apart, as shown in Fig. 2. The number of coils 
or commutator bars for a simple wave-wound machine 
may be even or odd, depending upon the number of 
poles. It is determined from the following expression: 


p 
=k t=] l 
n b (1) 


where 

n=number of coils or bars 

k=an integer 

p = poles 

A two-pole winding may be considered electrically 

as either lap or wave. In the first case the coils would 
have the closed diamond shape, and in the second 
case they would of be the ‘“‘frog-leg” type. A two-pole 
wave winding then, which is nothing more than a lap 
winding, may have an even or odd number of com- 
mutator bars. This is readily observed if a few simple 
cases are sketched. 


SYNCHRONOUS CONVERTER ARMATURE WINDINGS 


Wave windings of more than two poles are not, in 
general, repetitions of the two-pole case. This is due 
to the fact that, in traversing the armature periphery 
once, the coil end must close on either of the commu- 
tator bars which are adjacent to that from which the 
start was made. This condition is fixed by the +1 in 
Equation (1). Therefore, the total number of coils 
must not be divisible by the number of pairs of poles. 
This leads to the result that a machine having an 
even number of pairs of poles must have an odd num- 
ber of coils and cannot have an even number, while 
a machine with an odd number of pairs of poles may 
have either an even or odd number of coils. These 
facts are combined in Equation (1). 

Consideration of commutation requires that the 
sides of a coil have nearly the same position under 
adjacent poles. That is, a coil must have very little 
voltage generated within it while being commutated, 
and hence its sides must lie in the neutral zones as 


437 


strictly four-phase and not two-phase. Two-, three-, 
and four-ring converters would then be spoken of as 
two-phase, three-phase, and four-phase machines. 
Treated thus, it would not be necessary to refer 
to the exceptions so often appearing in reference 
to two-ring and four-ring converters, their analyses 
then falling directly in step with that of all multi-ring 
machines. 

This particular point appears later in Table I for 
wave-wound converters, in which it is seen that the 
three-phase case logically belongs between those of 
the single-phase and two-phase cases. 

As a corollary to the definition that has been given, 
may be stated that the time-phase angle œ between 
voltages of adjacent phases is 


360° 
a= 
r 


where 
r = number of slip-rings or phases. 


OR 


Fig. 3. Single-phase 
Figs. 3 to 5. 


Fig. 4. 


shown in Figs. 1 and 2. At this position the coil en- 
closes maximum flux. The condition of a coil spanning 
exactly one pole pitch, however, is seldom found for 
most windings are of fractional pitch. 

Fractional-pitch windings are those in which the 
coil sides do not lie in slots 180 electrical degrees apart. 
Short pitching is the usual practice with lap wind- 
ings, the object being to decrease the amount of cop- 
per required for end connections. In such a winding 
the induced voltage in a coil is necessarily slightly 
less, and the commutation zone is widened, thus de- 
creasing the leakage reactance or electrical inertia of 
the coils. These factors promote good commutatron. 
There is no advantage in short pitching single-turn 
wave windings, but there is a gain in short pitching 
coils which have more than one turn. 

A point of note, perhaps mostly of academic inter- 
est, concerns the meaning of phases and arises par- 
ticularly in reference to converters. A phase is the 
section or sections of an armature winding between 
the connections to two slip-rings electrically adjacent 
in time phase. This definition is based on internal 
considerations of the armature and is at variance with 
the accepted designation which considers only the 
number of phases in the alternating-current system 
to which the converter is connected. 

In accordance with the foregoing definition, the 
single-phase converter is really a two-phase machine, 
the two phases being in parallel. Furthermore, as 
viewed in this light, the quarter-phase converter is 


Two- or quarter-phase 


Fig. 5. Three-phase 


Slip-ring Connections for Two-pole Lap-wound Converters 


Lap-wound Converters 

The lap winding may be treated in either of two 
ways: one dealing with a certain number of phases 
and a varying number of poles; and the other assum- 
ing a definite number of poles with different phase 
operation. The two-pole case, which is the simplest, 
incurs no difficulties with any number of phases except 
that the number of coils, or commutator bars, should 
be divisible by the number of slip-rings. The armatures 
of two-pole converters have no equipotential points 
and the entire winding must be traversed before re- 
turning to the potential of the starting point. Such a 
winding can therefore have only one circuit per phase 
and one connection per slip-ring. Figs. 3, 4, and 5 
show the diagrammatic connections for one-, two- 
or quarter-, and three-phase converters respectively. 
The same scheme holds for an n-ring machine. 

Any direct-current commutating machine must be 
furnished with equal voltages between all adjacent 
segments, equally displaced in time phase. This 
constitutes a closed symmetrical polygon of voltages; 
and the armature coils of the converter, looking at 
them from the alternating-current end, are grouped 
in a rather different manner from those of the alter- 
nator or synchronous motor. Fig. 6 shows the phase 
groups of a three-phase two-pole full-pitch eighteen- 
coil synchronous motor, the numbers given corre- 
sponding to the phase in which that coil side is 
connected. For the converter armature, the phase 
distribution is given in Fig. 7, this arrangement 


+ 
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following from similarity to the developed winding 
in Fig. 1. The phase rotation for both the synchro- 
nous motor and the converter is in the order 1, 2, 3, 
and the m.m.f. waves thus move at the same speed. 
It will be noted that the distribution factor for the 
converter is somewhat less than that for the motor. 
In this case, the copper of the motor is being used 
15 per cent more efficiently than in the converter. 
Consider now the single-phase machine having more 
than two poles. Since a multipolar lap winding has as 
many equipotential points as it has pairs of poles, 
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rings, two adjacent taps to any one ring being two 
pole pitches apart. 

The number of commutator bars in a lap-wound 
converter should .be divisible by the product of the 
number of pairs of poles and the number of phases. 
This can be expressed as 


2b l 
— =an integer 


where 


b= total number of commutator bars. 


Fig. 6. Phase Belts of an 18-coil Two-pole Synchronous Motor 


there will be as many brush sets as there are poles, 
and similarly as many slip-ring connections. Each 


phase contains p parallel circuits and all slip-rings thus 


2 

have one lead per pair of poles, any two consecutive 
leads to the same ring being 360 electrical degrees 
apart. Referring to Fig. 8, it is seen that the single- 
phase two-pole case is given in triplicate, and six 
leads are brought out from the armature, three to 
each slip-ring. They are symmetrically placed so 
that all of those connected to one ring are at corre- 
sponding positions with reference to the field poles. 

Likewise, for the three-phase six-pole converter, 
Fig. 9, three leads connected to the armature at equi- 


Fig. 8. 


Slip-ring Connections for a Six-pole 
Single-phase Converter 


distant points are fastened to the same slip-ring, the 
total number of leads being nine. Any two consecu- 
tive connections to the armature are 120 electrical 
degrees apart and in traversing a pair of poles we 
pass through the three phases and return to the slip- 
ring from which we started. It can thus be said 
that for an n-ring converter the total number of taps 
to the armature will be equal to the product of the 
number of pairs of poles and the number of slip- 


As far as the generator end of the converter is con- 
cerned there may be any number of coils or bars, but 
from the slip-ring end other conditions must be con- 
sidered. Asan illustration, a four-pole three-phase 
converter might have 96 commutator bars. This 
means 48 bars per pair of poles and the number of 
coils in each phase group would be 16. The winding is 
balanced. If, however, 100 bars were used in this 
machine, 50 would be allotted to each pair of poles. 
Two phase groups would carry 17 coils and the 
third would contain 16 coils, an unbalance being 
the result. Although this unbalance might be slight, 
operating conditions would hardly justify such a 
winding. 


Slip-ring Connections for a Six-pole 
Three-phase Converter 


Fig. 9. 


Wave-wound Converters 

As has been mentioned, wave-wound converters 
are not common and appear only as small machines. 
These converters are of interest, however, because 
their armature connections are different from those 
of the lap-wound machine. The wave-wound arma- 
ture for the two-pole converter is the same as the lap- 
wound armature, because in either case the coil ends 
are fastened to adjacent commutator bars. Therefore 
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the schematic diagram for the one-, two-, and three- 
phase wave-wound machines may be represented by 
Figs. 3. 4, and 5 respectively. The number of bars 
must be even for one and two phases, but may be 
even or odd for three phases. To obtain a balanced 
winding it may be said that the total number of bars 
must be divisible by the number of slip-rings. 

For the wave winding, we have seen that the con- 
nections between the direct-current lines and the 
armature were multiples of those for the two-pole 
case, the factor being the pairs of poles. This was done 
to aid commutation, but was not required. However, 
this idea of increasing the connections to the arma- 
ture cannot be carried over to the alternating-current 


Fig. 10. Alternative Methods of Connecting Slip Rings 
to the Wave-wound Armature of a Four-pole 
Three-phase Converter 


end of the converter, with the addition of extra slip- 
ring taps, in an endeavor to improve the current 
distribution. A multipolar wave winding must be 
traversed before returning to the potential of the 
starting point. Therefore, like the bipolar winding, 
there can be only one circuit per phase and only one 
tap may be made between any ring and the armature 
regardless of the number of poles. 

Referring to Figs. 1 and 2 it is seen that, for the 
lap winding, two symmetrically placed taps are 
brought out to each ring in order to utilize all of the 
armature conductors, while for the wave winding all 
of the coils are in use with only one tap per ring. In 
the latter case if more than one tap were connected 
to any ring these taps would be across coils which, 
at full voltage generation within the coils, would 
cause large short-circuit currents to flow. In any case, 
these taps could not be symmetrically placed because 
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the total number of coils is not divisible by the pairs 
of poles. 

Wave-wound converters having more than two 
poles are quite limited as to choice in the number of 
phases, because of the possible numbers of coils or 
bars which may be used for balanced windings. 
Table I shows why the wave winding is so rarely met. 


TABLE I 
POSSIBLE VALUES OF n FOR WAVE-WOUND 
CONVERTERS 


n =number of coils or bars 
x =any integer, including zero 


h h 2 Ph 
Poles 2 Tape 3 Tee 4 Taps T 
2 2x SeS 43s 2=2-+4x 3 +=3+6x 
ae iy ses. le AO eee | eee pe pee 
2x 6+2+12x ———— 
8 —— 6+3+12x — — — 
m ae a ete eI tan ee tee, lilt tes oe ta 
10 2x z Fa tlsx 10+6+20x | 15+9+30x 
"9D ee fo fee. af a eee 
21 9 
14 2x 2 #5 21x 14+6+4+28x | 21+15+42x 
16 — 12+3+24x —— 
18 2x 18=10+36x — 
20 — 15+6+30x 
22 2x > +33x | 22+10+44x | 33 =21 +66x 
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The values of n were derived from the expression, 


n=k? +1. 
T 


The poles p were first assumed, and k was then 
varied to obtain values of n divisible by r, the number 
of rings. In order to show the progression of n as p 
is increased, the tabulation has been made in the par- 
ticular manner given. 

The slip-ring connections to the armature winding 
may be made in either manner shown in Fig. 10. In 
both cases the leads are 120 electrical degrees apart. 

For the sake of convenience, the illustrations 
used in this article have been of the simple winding 
composed of two coil sides per slot. The general case, 
however, must include more than this number, and 
in usual design a slot contains four, six, or eight coil 
sides. Under such conditions, the proper number of 
coils per phase may require that one coil every certain 
distance along the armature surface be omitted in 
order that a balanced winding result. This necessity 
is then fulfilled by leaving the coils inert. They are 
termed dummy coils and act only as a filler in 
the slot. There are often two dummy coils per 
phase, depending upon the number of slots and the 
coil sides per slot. 
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station to the network area are usually three- 

conductor except where 2300- or 4000-volt 
circuits utilize the existing single-conductor cables. 
The mains and branches are usually of single-con- 
ductor cable because of the single-phase network 
transformers. The conductor sizes are usually tapered 
in two or three steps as illustrated by the practice of 
one company which uses 4/0 three-conductor cable 
for feeders, 2/0 single-conductor for mains and No. 2 
single-conductor for the branches from the mains to 
the transformers. 

One company has standardized on three-phase 
transformers; and 26,000-volt 3-conductor cable 
is used throughout. After the feeder cables enter the 
network area they are looped through the oil-filled 
potheads mounted on the transformers. This prac- 
tice simplifies the vault installation by eliminating 
T-joints and thereby reducing joint troubles. 

The secondary cables are single-conductor except 
in a few cases where three-conductor cable was 
previously used in the radial system. One company 
is also making use of some Edison tube which has 
been in operation for years on the direct-current 
system. The single-conductor cable is more suitable 
for splicing the numerous consumers’ services than 
is the three-conductor cable. When considering 
three-conductor vs. single-conductor cables, it is 
necessary to take into consideration the relative 
current-carrying capacity and voltage regulation. 
These factors are covered in the following contribu- 
tion by F. H. Buller: 

“The current carrying capacity of a lead-sheathed 
cable depends on the following factors: 


To primary cables from the station or sub- 


(1). Whether the cable is a single or three- 
conductor cable. | 


(2). 
(3). 


The spacing and arrangement of the cables. 


Whether the cable sheaths are bonded 
together or grounded, or both, at more than 
one point. 


(4). The copper and duct temperatures. 


‘Throughout this consideration a copper tem- 
perature of 80 deg. C. and a duct temperature of 40 
deg. C. are assumed. It is assumed also that the 
cable sheaths are bonded together every few hundred 
feet, as this is the usual condition of operation. 

“The effect of spacing and arrangement of cables 
is Shown in Table IX. The figures are percentages 


based on the three-conductor cable as 100 per cent. 
The spacing between adjacent conductors was as- 
sumed to be four inches. 

‘‘The effect of the presence of primary circuits on 
secondary circuits in the same duct bank, with a 
given ambient condition in the secondary duct, was 
found to be very small. A reduction of two per cent 
in secondary current carrying capacity or an increase 


TABLE IX 
CURRENT-CARRYING CAPACITY OF 
LOW-VOLTAGE CABLES 

SINGLE-CONDUCTOR 
Cable Si aac S D 
able 5ıze conductor O eparate Ducts 
0000 B.&S. 100 114 131 132 
350,000 cir. mil 100 111 125 127 
500,000 cir. mil 100 112 123 125 


of four per cent in secondary losses for a given 
current should cover this effect. On the other hand, 
the effect of the secondary currents on the primary 
circuit is quite marked. Table X indicates the mag- 


TABLE X 


EFFECT OF SECONDARY CURRENT ON 
PRIMARY CIRCUIT 


Average Increase in Decrease in Current 


Carrying Capacity 
Arrangement n All (based on: hottest 
cable) 
S: Se S; 
P, P; Ps +10% +10% 
P’; Ph Py 
P, P; P; 
S; S, S; —4% +9% 
P^ Ph P's 


nitude of this effect. The second arrangement is 
obviously the better. Table X is based on the following 
assumptions: Nine 500,000-cir. mil cables, insulated 
for 600 volts, spaced four inches apart. Primary 
current is assumed to be in phase with the secondary 
current; secondary current assumed to be five times 
the primary current. The effect of primary on second- 
ary will decrease as the ratio of secondary to primary 
current increases; but the effect of secondary on 
primary will increase as this ratio increases. If 


= three cables of each circuit are placed in one duct, 


or three-conductor cables are used, the effect of one 
circuit on another will be negligible. 
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“The effect of spacing and arrangement upon the 
inductive reactance of cables is indicated in Table 
XI. The figures in Table XI are percentages, based 
on the inductive reactance of a three-conductor 
cable as 100 per cent. The reactance of the three- 
conductor cable is small, being of the same order 
as its resistance. One circuit only is assumed. The 
foregoing figures represent the average reactance 
of the circuit as compared with that of a three- 
conductor cable. When a flat or right-angled spacing 
is used, the reactance of the outside cables will be 
greater than that of the middle one. The magnitude 
of this variation is indicated in Table XII, based on 
the reactance of one cable of a three-phase circuit 
with 4-in. equilateral spacing which is taken as 
100 per cent.” 

TABLE XI 


EFFECT OF SPACING AND ARRANGEMENT ON 
INDUCTIVE REACTANCE OF CABLES 


SINGLE-CONDUCTOR CARLE 


Cable Si aces Separate Duets 
@ 128 Cable T One = a | 

$ 
0,000 B.&S. 100 117 315 297 
350,000 cir. mil 100 115 290 275 
500,000 cir. mil 100 115 283 266 


It is the usual practice to install the three single- 
conductor cables in the same duct. It is obvious 
from the tables that the additional carrying capacity 
obtained by single-conductor cables is limited to 


TABLE XII 
UNBALANCE OF REACTANCE IN SINGLE 
CONDUCTOR CABLES 
Right-angled Spaci 
Cable Size meee sada e 
A B C| A B c 

0000 B.&S. 115 100 115] 107 100 107 
350,000 cir. mil | 117 100 117 | 108 100 108 
500,000 cir. mil | 118 100 118| 108 100 108 


cases where the transformer spacing is short enough 
to make heating and not voltage regulation the 
governing factor. This distance will have to be very 
short to justify the placing of cables in separate ducts, 
for the gain in carrying capacity is very small com- 
pared with the increase in reactance. The cables 
from the transformer vault to the street mains may 
well be considered a case where separate ducts would 
be justified. 

A few network systems use junction boxes with 
fuses at the intersection of the street mains. Aside 
from these it is the usual practice to splice all cables 
solid, without junction boxes or fuses. This practice 
is based on the belief that faults developing in the 
secondary cables will burn clear and not reéstablish. 
This belief is based on the experience of some 
operators of d-c. Edison systems who have made a 
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practice of burning clear faults that develop on the 
street mains. It seems that an a-c. arc ought to be 
easier to clear at the same voltage than a d-c. arc 
because there is added the reactance, and the voltage 
passes through zero. 

Kehoe“) gives a 6-volt resistance drop per 100 ft. 
as sufficient to melt solder at joints and termi- 
nals, and 24 volts per 100 ft. to melt copper in the 
degree necessary to start an arc. Some engineers 
consider it advisable to consider only the case of a 
solid copper-to-copper short and provide transformer 
capacity at suitable intervals to give 24 .volts resist- 
ance drop. If the neutral is installed near enough to 
be short-circuited with a phase conductor, the trans- 
former spacing for a 120/208-volt network will be 


=x 100 = 2000 ft. 


| for the 6-volt drop per 100 ft. and 


=" x100= 500 ft. 


for the 24-volt drop per 100 ft. If the neutral is 
separate from the phase cables then these values 
are 73 per cent greater, or 3460 ft. and 867 ft. respec- 
tively. These values must be decreased to compensate 
for the impedance drop through the transformers. 

There are two problems involved in the practice 
of burning off cable faults. The first problem is to get 
enough current to generate the heat required to 
start an arc at the point of failure. The second is to 
reduce the voltage across the arc to a point where 
the arc is unstable and will go out. Therefore, the 
condition for establishing an arc is just opposite 
to that for extinguishing the arc. 

Single-conductor cables are preferable from the 
standpoint of clearing faults that develop in the 
cables. The faults will first develop from copper to 
lead. The lead, having a much lower melting point 
(about one-third) than copper, will burn back much 
faster than the copper. This will result in quickly 
increasing the arc length to such a point that voltages 
of the order of 115 volts cannot maintain the arc. 
It is believed that in the great majority of cases the 
arc will clear quickly enough to avoid failure in the 
other cables in the same duct. However, cases are 
known where the heat in the arc was sufficient to 
burn the insulation rapidly enough to maintain the 
arc from copper to lead for a distance of several feet. 

When arcs occur from copper to copper they may 
readily burn clear; but, on the other hand, they may 
not burn clear until a large amount of damage is 
done. Experience on Edison systems indicates that 
the difficulty of burning off copper-to-copper faults 
without serious consequences increases in a greater 
proportion as the cable size increases. There are 


eon Alternating-current Network,” by A. H. Kehoe,A.J.E. E. 
Journal, June 1924. 
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several explanations as to why the larger cables are 
more difficult to burn clear. The larger cables require 
more energy to start the arc in case of solid short 
circuits; hence there is more energy in the arc to 
make it stable. The larger cables contribute more 


molten metal, metal vapors, and gases from the 


larger amount of insulation. Moreover, they occupy 
a larger percentage of duct space and consequently 
make it more difficult for the metal, vapors, and 
gases to escape. The presence of these vapors and 
gases around the arc has a tendency to make an arc 
stable by lowering the voltage required to maintain it. 


. One investigator “ studying how to make a welding 
arc Stable claims that there are three important factors 
governing the stability of an arc. ‘‘ Temperature is 
the first and the most important factor. The second 
factor lies in the nature of the material of the cathode. 

. The third factor affecting the thermonic 
emission from the cathode is the gas surrounding the 
cathode. ... The gas that has the most marked 
effect is hydrogen. . . . Even a trace of hydrogen is 
sufficient to increase the thermionic emission. . 
The carbon monoxide presents an interesting subject 
for study because in spite of a very high heat of dis- 
sociation and a comparatively high ionizing potential, 
it is the gas in which the welding arc can be maintained 
with the greatest ease. ” 


The factors of ‘‘temperature’’ and ‘‘gas’’ are the 
ones of interest in considering the effect of cable 
size on the ability to burn off cable faults. The larger 
the cable the higher is the temperature of the arc 
because of the added arc energy; and the increased 
restrictions of the duct prevent sufficient air cir- 
culation to cool the arc. The larger the cable the 
more gases are available from the insulation and the 
easier they are confined around the arc. The paper 
insulation saturated with oil would seem to be a worse 
offender than rubber. It is obvious that hydrogen 
and carbon are present in either and that the heat 
might produce them in sufficient quantities to have 
an appreciable influence. It may be questionable 
as to whether carbon dioxide or carbon monoxide is 
first formed, but Alexander claims that ‘‘carbon 
dioxide is dissociated in the arc into oxygen and 
carbon monoxide. ”’ 


Another factor tending to maintain arcs on larger 
cables is the higher arc voltage available because of 
the lower cable impedance. One engineer explains 
this by means of the curves shown in Fig. 27. The 
curved line gives the volt-ampere characteristic of 
an arc with a fixed spacing of electrodes. This spacing 
will not vary appreciably with different sizes of con- 
ductors as long as they are in the duct. The spacing 
will not vary while burning because both conductors 
burn back at the same rate. The curve shows that 
with a certain current flowing a certain voltage is 


(5)'*Stability of the Welding Arc,” by P. Alexander, A.J.E.E. Journal, 
February 1928, p. 109. 
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required to maintain the arc. If, for example, a 
900,000-cir. mil cable is used, the current flowing 
causes a drop (e’) through the resistance of the cable, 
giving the voltage (e) across the arc. This voltage 
(e) is greater than required to maintain the arc at 
that current, so the current increases and the voltage 
decreases until a stable point is reached and the 
arc is sustained. If now a 250,000-cir. mil cable is 
used, the resistance is doubled and the current in the 
arc causes a large drop in the resistance of the cable 
which is sufficient to lower the voltage across the arc 
below that necessary to maintain the arc. In the case 
of a-c. arcs the reactance is an appreciable factor 
and causes a smaller variation between cable sizes. 
It is probable that the characteristic curves of these 


Current, Z (amp) 
Fig. 27. The Volt-ampere Characteristics of Cables and Arcs 


arcs come in between the voltampere curves of the 
500,000-cir. mil and 250,000-cir. mil cables so that 
the latter would always clear. Experience indicates 
very little difficulty in clearing cables of the order of 
250,000-cir. mil size. This explanation applies only 
to faults that occur in the duct at an appreciable 
distance from a feeding point, and to cases where the 
mains continue to burn after the transformer cables 
or Edison feeder have burned clear of the network 
mains. 

It is obvious that the practice of depending on cable 
faults to burn off imposes severe duty on the trans- 
formers, network protectors, and cables feeding 
current into the arc. It seems that cable faults 
occurring in the ducts can be expected, in some cases 
at least, to burn back to the manhole and that this 


“will take quite a long time—perhaps as long as 


thirty minutes. Therefore, it is essential that thorough 
consideration be given every possible scheme or 
practice that will avoid copper-to-copper shorts and 
that will tend to make the arc unstable if it should 
be established. If this is not done there is danger 
that a fault burning an appreciable quantity of cable 
before it clears will strain the other equipment and 
weaken it to such an extent that other faults will 
soon develop. Thus it is possible to defeat the very 
purpose of the network by producing a condition 
wherein failures may occur on two or more trans- 
formers connected to separate feeders. 


LOW-VOLTAGE A-C. NETWORKS 


A few companies install junction boxes with fuses 
in the network mains. This seems to be the most 
effective way of preventing arcs of long duration. 
On the other hand, experience indicates that great 
care must be used in selecting and installing fuses; 
otherwise, they will blow when they should not or 
fail to blow when they should. If small fuses are 
used in order to be sure they will blow when arcs 
occur then there is danger that loose connections, 
corrosion, and overheating (by overloads or previous 
short circuits) will so alter their characteristics 
that they will blow on much lower values and cause 
a wholesale blowing of fuses under overload or fault 
conditions. It is very difficult to restore service on a 
network after a wholesale blowing of fuses. To avoid 
this, the tendency has been to use fuses having a high 
blowing point believing that, while these will take 
a long time to blow, they will finally blow before 
the arc travels too far. A case is known where this 
practice resulted in the burning of about 200 ft. of 
cable without the fuse blowing and the arc finally 
cleared at the junction box. Most engineers do not 
use junction boxes with fuses because they believe 
the uncertainty of fuse performance does not warrant 
the added investment and vault space required for 
the boxes. 

It seems that the fuses in the transformer secondary 
circuit may be depended upon to go a long way in 
preventing cable arcs of long duration. When a cable 
arc develops the adjacent fuses would blow and the 
additional cable impedance in series with the arc 
would reduce the arc voltage below the stable point. 
Referring again to Fig. 27, it will be seen that the 
cable volt-ampere characteristic would fall below 
the arc volt-ampere characteristic so that the arc 
cannot be sustained. The blown fuses would thus 
serve as a fault locater. The fuses in any transformers 
near the fault that did not blow should be inspected 
and replaced if they show signs of overheating or if 
there is any question about their condition. Of course, 
there is some uncertainty with the fuses in this case 
as in the other; but there is no additional expense 
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Or space involved, for fuses are usually provided 
on the automatic network protector now generally © 
used. Furthermore, the network protectors receive 
frequent inspection and a more accurate check on 
fuses is feasible. 

Single-conductor cable in separate ducts, and 
careful separation in the vault would considerably 
reduce the possibility of a copper-to-copper short 
circuit. The increase in reactance and the value of 
duct space, however, discourages this practice. The 
uninsulated neutral cable should not be placed in the 
same duct with the phase cables, for a copper-to- 
lead fault is almost sure to touch the neutral and 
start a copper-to-copper arc. On new construction 
the bare neutral may be imbedded in the concrete 
near the duct. The cables should also be bonded 
promptly after installation and before operation is 
begun, otherwise if a fault should develop there is 
danger of destroying much of the cable by the cir- 
culating current in the lead sheath flowing through 
the high-resistance lead-to-lead contacts. The heat 
generated at these points may be sufficient to melt 
the lead and burn the insulation. On new construc- 
tion, some consideration should be given to three of 
four small ducts for the secondary cables. If this is 
not feasible then a very large duct, say a 6-in., should 
be considered. Such a duct may be large enough to 
relieve the gases and vapors from the presence of the 
arc. Large ducts will also permit the electromagnetic 
forces of short-circuit currents to force the con- 
ductors apart and extinguish the arc. Another prac- 
tice to consider is the possibility of using two sets 
of small conductors for mains; say two 250,000- 
cir. mil cables instead of one 500,000-cir. mil. The 
cost of course, will be somewhat increased; but in 
the case of wide streets the practice of running one 
set down one side of the street and the other set 
down the other side may help to reduce the difference 
by the saving in the length of service laterals. 
Besides, two sets of mains will give a better system 
for load division and motor starting because of the 
reduction in reactance. 


(To be continued) 


World’s Largest Paper Machine 


A paper machine which will not only be the biggest 
in the world but which will also break all previous 
production records is to be installed at the Fort 
William (Ont.), mill of the Backus-Brooks Company 
in Canada. 

This machine, made by Bagley & Sewall, will be 
304 in. in width and will have a speed range from 625 
to 1500 ft. per min. It will be equipped with the 


General Electric regulator-type drive, manufactured 
by the Canadian General Electric Company. Power 
will be supplied by a 1000-kw. synchronous motor- 
generator Set. 

The new machine will be the second to be in- 
stalled at the mill. The first, now being installed, 
is a 264-in. machine equipped with the same type of 
drive. 
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Heaviside’s Operational Calculus as Applied 
to Engineering and Physics 


Part XXIII: Fractional Differentiation and Integration 
Part XXIV: Indefinitely Long Transmission Line or Cable 
Part XXV: Problems Involving Convergent and Asymptotic Series 


By DR, ERNST JULIUS BERG 


Consulting Engineer, General Electric Company 
Professor of Electrical Engineering, Union College 


The second volume of Heaviside’s ‘Electro- 
magnetic Theory” contains a great deal of suggestive 
matter in reference to the interpretation of divergent 
series and fractional derivatives. Much of it is very 
difficult to understand, and indeed some of his results 
are given with a statement that “this is not as 
simple as it looks. ” 
Heaviside illustrates his use of operational methods 
by many examples and the final solutions are, as 
far as the writer has checked them, always correct. 
But the reasons suggested are not always clear: 
often they are far from clear. 
- The difficulties arise in connection with the asymp- 
totic solution when the operational equation con- 
tains fractional powers of p. | 

. In some problems the series, obtained by division 
in rising powers of p, gives the complete solution; 
in others, certain terms have to be added. This matter 
is discussed in the next part of this serial. 

Heaviside arrived at the following relation: 


(106) 


from two different points of view. 

lst: From the solution of certain heat problems 
worked out by Fourier, which will be shown 
later. | 

2nd: By generalizing the formula for the derivatives 
of any powers of t. 


It 1s: d 1" 
dt |n 7 


t* 
or, more generally p” int =~ 9 
n [n—m 


"71 t” 


In-17 
(107) 


There is no difficulty about this as long as m and n 


are positive integers and n > m. 


When m > n we 


get the factorial of a negative integer which is minus 
infinity and the result is zero. 

Heaviside felt that Equation (107) in his system 
should hold even when m and n are fractions and 


proceeded to study them. ? 
t 


The unit function would then correspond to [0 or 


we would write [04 . This is rather remarkable in a 
t” 
way anie as n approaches zero is a peculiar graph. 


It is a cylindrical surface for all positive and negative 
values of ¢, which surface collapses to a point at ¢=0. 
Therefore the positive real part would look like 4, 
the ‘‘unit function. ” 


i l 
But to return to p1= yE as Heaviside writes it, 
T 


| 1 
or p'1= da 4 as we prefer to write it: 


1 
If the graph corresponding to —= 
V ri 


various values of t, we find that it starts at infinity 
and decreases to zero. When this chart is multi- 
plied by the unit function it is in no way modified. 


is plotted for 


1 1 
Thus p” ( da 4 ) is obtained by differentiating Ta 


and multiplying the result by the unit function. 


The question remains, however, whether Equa- 
tion (106) is true. It can be tested in various ways. 


We may see whether 


p (#1) =p1 (108) 
or whether 
p> (ph1)= 4 (109) 
or whether 
p* (p* sin wt) =w cos wt etc. (110) 
Consider Equation (106) and refer to Equation (107). 
0 


Pe rt 
If m=4 and »=0 we get=p' g= mre 
o |=} 


|—3 =V as will be shown later. 
0 


t 1 
Thus p ~=—=. This is certainly similar to Equa- 
? |0 V xt y q 
tion (106) and would lead us to suspect that 
P NS Va 
Try now to verify Equation (108) by the use of 
Equations (107) and (111). The left-hand side gives 


1° ? 
» » (1) =2 (11) 
The right-hand side gives 
, [2 tt 
e(a) 
if we consider the unit function as an ordinary con- 
stant. 


(111) 
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In Part I was considered the possibility that 
-1 


t 
p 1 could be represented by ;—~ 4 
| -l1 


Consider next Equation (109). 
X p 
alo- 
0 


t 
The left-hand side gives [0 4 
0 


The right-hand side gives also m1 when we again 


consider the unit function as a multiplying factor. 


Finally consider Equation (110). 


sf 
p sin wt 1= p (wt— Ta a i 
wt! 


p 
-(eġ- E te) 
This can be shown to be a converging series and can 
also be written in the following more convenient 
form which will be treated in Part XXVI. 
wt? e 


p? (pin wet) (T-T + -) = cost 1 


Incidentally we may note that fractional derivatives 
are transtents. It is seen that fractional differentiation 
and integration introduce factorial of fractions. 

The so-called |] function (pronounced pie function) 
is the generalized factorial. Its value can be obtained 
from the gamma function or directly by series 
expansion 


_ es ee ee (n—1)n 
I r(x+1) R CA TA 


The most important values for our purposes are the 
following: 


n* (112) 


x 0 


am 
eka 
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0; —ł -$ —§ i 

-ia -|=2Vr| +2: 2Vr| -2:2-27 
W@=[x=| 1 [tvs 1 1-3 1:3°5 


Since a number of problems involve fractional 
derivatives of the unit function, the following tab- 
ulation will prove a convenience. 


hte pui 
Vr 
sie p= 2:28 | 
2V r -3V r 
1-347! a, 22:20 
A T E PS B= 
,, 71:38:58 4, 2 2 2 2¢ 
p'1= = 1= 
2:2:2V r 1-3-5-7Vr 


Before leaving this interesting subject it may be well 
to call attention to another feature connected with 
fractional differentiation. 


t 
Take, for instance, successive derivatives of E 


i 
di P 
dt |1 ~ [0 
dat t 
de|1 ` [=1 
et + 
de|1 |=2 
ae 
di*|1 ~ |—n 


The last three expressions are usually written as 
zero since the factorial of a negative integer is œ. 


However, when operated upon with p? they 
t —1% t —24 t —n—4 


give ——, ——, and ———, respectively. 
i 1 Val | Vr1:3 | vVr1l:3-5 z1} |-2 fake 
T (x) =|x n 2 9-2 2.2.2. All three are definite and different. There are 


zeros and zeros. 


PART XXIV: INDEFINITELY LONG TRANSMISSION LINE OR CABLE 


Consider a transmission line that is of infinite 
length, or at any rate so long that whether the line 
is open or closed at the far end no potential difference 

2 
1 


x 
Fig. 49 - 


exists. This is a situation which very nearly applies 
in very long telegraph cables. 


In these problems it is obviously best to count the 
distance x from the sending end rather than from the 
receiving end as was done in Part XV. 


Referring to Fig. 49, 


= —i(R+pL) 
Ox 


æ =—e (G+pC) 
Ox 
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Thus 

ee = Y Ze = ne 

Ox? 

=Ae"*+Be~™ 

For x= œ, e=0, therefore 4=0 and e=Be~™*; for 
x=0, e= E, therefore B = E and 

e=E6 "1 (113) 

ia pema (114) 

n 


€ e e . 
Therefore -, the resistance operator on unit function, 
4 


-nx 


is = y e "* at any point of the line. 


In the case of an “ideal” cable, Y= pC, Z=R, and 


! 4 
n V pCR _ (>) (115) 
Y pC pC 
The current at the battery is thus 
v= (Ses 
and 
Y per 
t n -nx 
-= = e 
to YE 
n 
Thus 
C\3 
=E (2) 4 116 
1 € R (116) 


A very similar problem in heat conduction through 
an infinitely long bar had many years previously 
been worked out with conventional mathematics 
involving Fourier’s series. The differential equation 
relating to the temperature is: 


(117) 


where h? is termed by Kelvin the diffusivity and by 
Maxwell the thermometric conductivity. 
The rate of heat transferred through unit area is 
dé 


Wek = 


fn (118) 


where K is the thermal conductivity of the substance. 

When these equations are solved, subject to the 
condition that at the origin x=0, the temperature is 
kept constant at @ degrees, the rate of flow of heat 
at the origin becomes 


K 4 


a (119) 
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Heaviside compared this problem with that given 
in the foregoing case of the infinite ‘‘ideal cable,” 


when 

U zR (120) 

Ox 
and 

ð dt 
which two equations combined give: 
2 
dx? dt dt RC dx? 


Comparing Equations (117) and (121) we note 


that k? = ae Comparing Equations (118) and (120) 


we note that K = Zand W =t and b= E 1 and 


The operational solution of the current given above 


was 
ey E1= (5 J E M 
i (Re) Et-(z) Fe 
or at the origin 
C\i 
t= (=) Ep'4 for x=0 
: (5) á i 
or substituting heat constants 
K 
Wo= h Oop! 4 


but it is shown in Equation (119) to be 


K Qo 
h Wat 
Thus Heaviside concludes that 


1 
t41 = — 
ý V/ rt 


Wo= 


= (nt). 


Therefore, the current at the battery is: 


Rat 


10 = 


The solution for the current when an alternator is 
connected to the cable is given in Part XXV. 
We will now proceed to solve Equation (116). 


nf e 


p [p-e — 
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Substituting for n = VCR we get: 


efa E E per4 POR? 


[2 


_pPCRx ro 
a m 


The terms involving even powers in p are zero 
because p 1, p? 4, etc. are zero, therefore 


E an CRx? 
wRt 2 |2t 


r 
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1-3C?R%x4 1.3-5 CR? ] 
2-2|4 2 2.2.2 |6 # 

2 
Let _ CRx 
4t 


Then 


E a ea E 
i ARE tia jat Pa 


This problem is of interest because the solution is 
a convergent series although ¢ appears in the denom- 
inators. The reason is that the development of «~”* 
introduces factorials. 


PART XXV: PROBLEMS INVOLVING CONVERGENT AND ASYMPTOTIC SERIES 


In his second volume on ‘‘Electro-magnetic 
Theory,’’ Heaviside gives on page 42 the solution 
of a problem involving an infinitely long “ideal” 
cable connected to a battery through a coil. On page 
40 he gives a similar problem where instead of a coil 
he inserts a condenser. In both cases he obtains 
operational solutions involving fractional exponents 


of p. He proceeds to expand them in powers of : and 


Saas | 
in powers of p. The expansions in powers of - give con- 


vergent solutions and are conveniently used for 
small values of t. The asymptotic solution—if com- 
plete—is suitable for large values of ¢, and is always 
subject to a certain error which however can be 
determined. 

In the second problem the asymptotic expansion 
is the complete expansion; in the first problem an 
additional term is added and no satisfactory reason 
can be found in his three volumes on “ Electro-mag- 
netic Theory” or in his two volumes of “Electrical 
Papers.’’ To be sure, on page 159 of his first volume 
of ‘Electrical Papers” he discusses a similar problem 
and this page gives a clue at least to his reason. 

J. R. Carson has shown that the true convergent 
and asymptotic solution can be obtained by the use 
of definite integrals. Unfortunately; however, these 
integrals are frequently difficult to evaluate. It 
would obviously be of great help if an operational 
method could be found. 

In connection with the study of operational calculus 
at Union College, and with the assistance of Dr. 
J. J. Smith and Messrs. S. J. Haefner and E. W. 
Hamlin, we have found several methods which are 
applicable to problems involving only one variable 1; 
in other words, to problems of infinite lines where 
the condition at the generator (x=0) is desired. 
Undoubtedly, investigations along these lines have 
_ been made by others but the writer is familiar only 
with the work of W. O. Pennell, which covers the same 
field as ours and gives identically the same results. 


This field pertains to operators which are of the 
form: 
o(p) 
v(p) 


where ¥(p) is of a form which can be rationalized 
to contain only integral powers of p, and (p) contains 
only integral and fractional powers of p. 


The operational solutions for infinite lines where 
the condition at the generator is desired are of the 
form: 

Y 

(P) 4 


1+ (ap)? 


h(p) = 


Rule 
Apply the Expansion Theorem in the usual way, 


that is, find the roots, find p A, etc., and the real 


part of the result is the ‘‘additional term.” There is 
just one thing to be careful about and that is to 
choose the right roots. 


NI 1 hasthree roots 1 lO and 1 a 
NI —1 has three roots 1 | and 1 = 


NEN 1 has five roots 1/0 and 1} a and T 


NESI has five roots 1 |r rand 1)a7 and jatt 


The method given above seems to be the simplest 
of several which can be used and is discussed in 
detail in the Feb., 1928, issue of the Journal of the 
Franklin Institute. 

The solution of a number of characteristic problems 
will now be demonstrated. 
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Problem 

An infinitely fangs! “ideal” cable is connected to 
an alternator of voltage e=E sin w t at t=0. Find 
the equation for the current at the generator. 

It was shown in Part XXIV that the operational 
solution when unit e.m.f. was supplied was 


C 
=E £ i 
4 p1 


The operational expression for sin w t is 


Pw l 
+o? 


Thus 


Convergent Solutions 


Since 


(2w#)? 
].3.5 


(2wt)4 


12:5) 135-79 


-2E w4] £ [1- 


or we could obtain the solution by ‘‘shifting”’ 


= -] (122) 


C 1d eis 


t=E <p? ~za 4 
Note that 
pit 1=e" (pjo) =d [p +p wss] 
and 
p' e1 = 6 (p—jw) = [pip jwt] 


The result becomes 


i=E4 |E [A sin wt + B cos wt] 


1 Hu? — th ey 
where A= — | 10 + —— -Z ee 


1 foto an ww ti 
v SEERE 
Note that A and B converge rather rapidly. As ¢ 
becomes larger and larger, A and B become more 


and B= 


nearly equal and in the limit = œ, A = B= a 


Thus the final current is: 


-EJE (sin wt + cos wt) 
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It is of interest to note that there are several 
ways to get the convergent solution. We might have 
expressed 


sore E pi 


[3 


When these terms are operated on by p? we get 


Cw — 2.2.2 
(=f ee 92 = Di aa e ia 
, Val Vain T | 


Finally by referring to the table of miscellaneous 
formulas and our comments on the use of Duhamel’s 
integral we get: 


Sa aa S COS W Hy 
“ =0 Vin t— 

We have given four different solutions, all giving 

the same result and all suitable for small values of t. 
Incidentally it is seen that p? sin wt is a transient 
which eventually becomes Vw sin (wt+45°). 
It is also of interest to note that if vector repre- 
sentation is used, in which case p=jw, we get 
pt sin wt=p' (jw)=~~/w [45° which is a vector of 
size ~/w which leads the zero vector by 45 deg. All 
this agrees with what should be expected. There is a 
real significance in fractional differentiation. 


sin wt 


25 (wt)! 
1.3-5-7-9 


Asymptotic Expansion 
Cc p 
i=E | Ai 4 
R P +a 
C l p p' 
-E4 i [ es +. 14 123 
R? w wt ws ] (123) 
C j $ ¥ 
ee [4-2 Pol 
R w wt ws 
=—E i ee eo LEST.) (124) 
Rrit \2wt  (2wt)® (2%wt)® 


Equation (124) is not the complete solution because 
in this case there is an “additional term. ” 


P a 
pHa 
has a pair of imaginary roots pı= +jw=w |90° and 
p2= —jw=w |—90° which are obtained in the usual 
way by making Zp =0 


L =2p? 
R dp P 
Yo) 2# _ 1 
dZ 2p* 2p 
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. Yop pics as 
Ka F = zg (°S 45°— j sin 45°) 
dp | 
1 
= i 
; 7a 1) 
Similarly 
Yog sh 1 1 
aZ or p= pr 75a +) 
. 
— (1-7) &“+(1 = 
“ie (1-7) &“+ (1+) « 
= vr (cos wt + sin wt) 


and the complete asymptotic solution is: 


im E | Cos wt + sin wt) 
EN (1 — 32 ta) 
Rat\2wt (2wt)* 
Problem 


A condenser C;.is connected between the battery 
and an infinitely long ‘‘ideal’’ cable as shown in Fig. 
50. Find the potential difference at the right-hand 
side of the condenser. 

It has been shown that the impedance operator 


4 
which replaces the cable is ( 5) 


Thus the total impedance at the battery is 


(e) +50, 


therefore the current at the battery is 


The voltage consumed by the condenser is R 
1 


Thus 

ee a 
R )’ 1 pCi 
SS ae 

This can be peur to the following form 
a _ RC 


Vo= E 1— 
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Convergent Solution 


vE A| a-ti] 
-z[1 ws oa hip! a pit Ji 


e e l 
Here we have one series of even powers in — 


1 
This part sums up to E eA‘ 


L 1 Vo 


Fig. 51 


and in addition we have a series in fractional powers 


oi 


p 


The latter becomes 
t \3 2t 1 2t\2 
ee ce tena) 
hr + an 13.5 h T 
Thus the convergent solution is: 


ee ea 


2t\2 1 
+(7) TEN ] 
Aympytotic Expansion 
Vo=E h? p? [1 —h} pt+hp—h! pi+h? pi--: -] 4 
=E[h! p'—hpt+h' p-k p+.) 4 
The even powers in p contribute nothing, thus 


Vo=E[h* pi +h pi+--]4 


-2(2)'[-'hana( Baas (2) 


The question is whether this is the complete 
asymptotic solution. 

In this case it is the complete solution, because 
when the denominator is rationalized we get 


Vo=E 
Bh pt hp—1 


Zp =0 gives p= > which is real. When this is used . 
the numerator becomes zero, thus Vo!=0. 


Problem 

Consider next a similar problem of an infinitely 
long ‘“‘ideal’”’ cable where the condenser is replaced 
by a coil of inductance L,, as in Fig. 51. 
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It is readily found that 


5 
= ey where gene Lı 
+6! p Ri 


Convergent Solution 


Ho) eranan "i 
5-7-9-11.13. 15 


EO S] 

g/ |3 [6 

This solution is complete- but does not show directly 
that there is an oscillation. 


This can be brought out by rewriting the operational 
equation with rationalized denominator. It is: 


Vee -2 je E(1~8! P) 4 _ i (A4B) 
1+g p E 
where 
ì på 
= z and B= — —® 4 
=e p I-e p 
A is solved by the Expansion Theorem. 
Zp, =O gives three roots 
l and = + 120° 
£ 


The result is 


t 9 t Q 
A=E[1-~ee -2 acos ¥3 1] 
3 3 


B when expanded in powers of a gives the same 
p 


result as we obtained in the expansion given above. 


It is 
b 
pu tt(t) [1+ (EY; t- + | 
3 \gr 5:7-9 
It is interesting to note that 


(G ie +(*)-+-=-(- Brees -$ cos V3 +) 
3 g l6 3 3 2g 


Asymptotic Expansion 


The even powers in p contribute nothing. 


Thus 
i 
Vo=E[1+7 (=) 1-1.3.5-7( 2)" 
2 \2rt 21 


+1.3-5-7-9-11-13 ( £)? + | 
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To find the ‘‘additional term” 


cae —3 g p> which for p?= 2 gives —3. 
dp g° 
1 — g? p? for pied 
1—gi pi for p=~ |+120= 1—1 |180 
£ 


1— g? p’ for p |—-120=1—1|—180 


2 Vol = LE! cation y IHl (a-o: 
—3 —3 
ae: €, cos Bt. where a= 2 and p= v3 
3 g 28 


The complete asymptotic solution is then 


The asymptotic expansion Vo+ Vo’. 


Problem 

An infinitely long line of constants R, L, and C 
is connected to a storage battery of voltage E. Find 
the current at the battery. 

The operational solution for any infinitely long line 
has been shown to be 


n . WpC(R+L) R+pL 
4 4 
Let =a then pe APE ee E 
L (p+2a)! 


Convergent Solution 


aae 


i i a 1-3/a\ 
7 eee ac 0 dae 
as 


1.3.5 s4 
~ (By (at)? + | 


This is a convergent series suitable for small values 
of at. 


Asymptotic Expansion 


E c [ = 1 pt 1-3 p' aL 
L (2a)? 2 2a 2.4 (2a)? _ 
b 2 
ae e e a 
L V2ant |2 (Sat)? |3 (8at)" 


This is the complete solution. The ‘‘additional term” 
is zero as can easily be seen. 


HEAVISIDE’S OPERATIONAL CALCULUS 


Characteristics of Asymptotic Series Illustrated Numer- 

ically in This Series 

Assign certain values to the independent variable t, 
in this case perhaps most conveniently to Sat. Let it 
be for instance 8. 

Then the series becomes 


1 9 225 
BF Ral BEE Ronan E AEF 
ts +564 6512 


=1+0.125+0.0351-+0.0735+--:- 
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Note that the successive terms are smaller up to the 
third term. After that they increase. 

Heaviside says, and other mathematicians agree 
with his statement, ‘“‘Seek the place where the smallest 
term occurs, then the error where the series is summed 
up to this term is less than the smallest term.” 

In this case the sum is 1.1601 with an error less 
than 0.0351. 


The larger the value of Sat, the smaller is the 
percentage error. 


(To be continued) 


New Welder-tractor Combination 


A new combination of electric arc welder and 
Fordson tractor embodies improvements consisting 
of the substitution of a new type welding equipment 
and the addition of head and tail lights and a pro- 
tective cover. 

The principal equipment consists of a standard 
Fordson tractor, belt-connected to the new type 
25-volt 300-amp. (one-hour rating) 1750-r.p.m. ball- 
bearing generator. This unit is mounted directly on 


Side View of the Welder-tractor Showing Internal-combustion 
Motor Belt Connected to Welding Generator 


Fig. 1. 


the tractor and is protected by metal canopy and 
canvas side curtains. Other equipment includes 


governor, power take-off, muffler, waterproofed pul- 


leys on the engine and the generator, belt and belt 
tightener, disk-type industrial rubber-tired wheels 
front and rear, extension frame, off-set crank, control 
panel and reactor, head and tail lights, battery and 
charging control. Spoke-type light industrial wheels 
front and rear, and standard Fordson farm wheels 
front and rear may be used in place of those named. 
The overall length of the complete unit is 12 ft.; 
the height four feet eight inches; the width five feet 


two inches, and the net weight is approximately 
4900 lb. 

Among other applications, this equipment is 
particularly useful to welding contractors, boiler 
shops, marine repair shops, structural contractors, 
oil-well drilling companies, oil refineries, pipe-line 
owners, and tank builders. The outfit has been par- 
ticularly designed to provide such activities with a 
complete, portable welding machine suitable for hard, 


View of the Welder-tractor from the Other Side 
Showing Controller and Coil Box 


Fig. 2. 


continuous use. The utility of the tractor as a hauling 
device has not been impaired. For field use, the unit 
will haul equipment and tools to the job and then 
supply welding current for the work. For welding 
pipe lines, and for use along railroad rights-of-way, 
extra-long welding leads are not necessary because 
the equipment is so easily moved at a moment’s 
notice. 

The battery, which supplies current for the lights 
and ignition, is charged while the welding generator is 
operating. It is provided with ammeter and automatic 
cutout. 
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Three Honorary Vice Presidents and Two Vice Presidents 
Elected by General Electric Company 


HE board of directors of the General Electric 

Company at its meeting July 6th conferred upon 

Vice President Jesse R. Lovejoy, Vice President 
George F. Morrison, and Burton G. Tremaine, all 
members of the board of directors of the Company, 
the title of Honorary Vice Presidents in recognition 
of their long and valuable services. 

They are to remain as directors of the Company 
and retain their association with the several depart- 
ments of the Company’s activities with which they 
have been so closely identified. 

At this same meeting, T. W. Frech, manager of 
the Incandescent Lamp Department of the Com- 
pany, was elected to the position of vice president in 
charge of the Incandescent Lamp Department, and 
Dr. W. R. Whitney, director of the Research Labora- 
tory, was elected a vice president of the Company 
and director of research. 

Jesse R. Lovejoy has been a vice president of the 
General Electric Company since 1907, and was 
elected a director in 1922. He began his electrical 
career with the Thomson-Houston Company in 1886. 
In his 42 years of service, he has been identified with 
many phases of the Company’s business, since its 
organization in 1892. Commercial work commanded his 
greatest attention and he effected sales organizations 
and departments for promotion of the Company’s bus- 
iness throughout the country and in foreign fields. 

As a member of the American Institute of Elec- 
trical Engineers, the American Association for the 
Advancement of Science, the Franklin Institute and 
association with the technical staff of the Company, 
he has kept in close touch with the progress of the 
electrical art and industry. He is also a member of 
many national business organizations and social 
clubs. More recently, as president of the G. E. Em- 
ployees Securities Corporation, he has given attention 
to the Company’s plan to encourage thrift and 
savings by its many thousand employees and to the 
profitable investment of such savings for their 
benefit. His election as honorary vice president is a 
mark of distinction for service rendered by him to 
the Company. 

George F. Morrison, an Edison Pioneer and a mem- 
ber of many commercial and engineering organiza- 
tions, became connected with the Edison Lamp 
Works, Harrison, New Jersey, at the age of 15, 
continuing in the employ of the General Electric 
Company for 45 years. During that period he had 
many positions of responsibility in connection with 
the development, manufacture and sale of incan- 
descent lamps. He was elected vice president of the 
General Electric Company in 1916 and has been a 
director since 1922. His election as honorary vice 
president isa fitting testimonial of his life’s work in 
the incandescent lamp industry throughout the world. 

Burton G. Tremaine became connected with the 
Fostoria Incandescent Lamp Company of Fostoria, 
Ohio, in 1898. In May, 1901, the Fostoria Incandes- 
cent Lamp Company was combined with the Sunbeam 
Incandescent Lamp Company of Desplaines, Illinois, 
which was then managed by F. S. Terry; and this 
was the beginning of the lifelong friendship and busi- 
ness association of Terry and Tremaine, as well as the 
beginning of the National Electric Lamp Company. 


Under the managership of Messrs. Terry and 
Tremaine, the National Electric Lamp Company 
grew rapidly, and in 1911 became the National Lamp 
Division of the General Electric Company. Messrs. 
Terry and Tremaine continued to manage this 
division until it was consolidated with the Edison 
Lamp Works to become the Incandescent Lamp 
Department of the General Electric Company. 


In 1923, Mr. Tremaine was made a director of the | 


General Electric Company, which office he con- 
tinues to hold. He is director of several public utility 
and industrial companies, and a member of many 
clubs. His new title is conferred on him in recognition 
of his long and valuable service to the Company. 

T. W. Frech entered the employ of the National 
Lamp Works as an assistant to the late F. S. Terry, 
in 1901. From 1901 to 1913, Mr. Frech was connected 
with various lamp factories of the National Lamp 
Works and the General Electric Company. During 
this period he worked as manager of several factories. 

In 1913 he left the General Electric Company to 
become vice president and general manager of the 
Peerless Motor Car Company of Cleveland, but re- 
turned to the General Electric Company in Novem- 
ber, 1921, to become manager of its National Lamp 
Works. 

In 1925, Mr. Frech was appointed associate manager, 
with W. R. Burrows, of the Incandescent Lamp 
Department. In 1927, Mr. Burrows was elected a 
vice president of the Company, and left the Lamp 
Department. As a result of this change, Mr. Frech 
became manager of the Incandescent Lamp Depart- 
ment, which was his position when he was made a 
vice president of the Company. 

Dr. Willis R. Whitney, a graduate of Massa- 
chusetts Institute of Technology, received his degree 
of Ph. D. from Leipzig in 1896. He received the 
honorary degrees of Sc. D. from Union, Ch. D. from 
the University of Pittsburgh, Sc. D. from Syracuse 
University, and Sc. D. from the University of Michi- 
gan. He held the following positions at the Institute of 
Technology, following his graduation: Assistant 
instructor Sanitary Chemistry 1892-94, instructor 
Theoretical Chemistry and Proximate Analysis 
1898-1901, assistant professor Theoretical Chemistry 
1901-04, non-resident associate professor Theoretical 
Chemistry 1904-08, and non-resident professor Chem- 
ical Research 1908. 

Since 1900, Dr. Whitney has been director of the 
Research Laboratory at Schenectady. Among his early 
activities, Dr. Whitney, in conjunction with Professor 
A.A. Noyes, successfully developed a recovery process 
for alcohol and ether from collodion which insured the 
commercial practicability of the present photographic 
paper. His most notable achievement has been the 
creation and development of the Company’s great 
Research Laboratory at Schenectady. 

Dr. Whitney has written a number of papers on 
Colloids, Corrosion of Iron, Alloys, Chemistry of 
Light, etc., and his translation of Le Blanc’s Text- 
book of Electrochemistry is very well known. He has 
received many medals for his accomplishments, 
and has been honored by a number of societies by 
honorary and active membership. His election as 
vice president is an honor highly merited.. 


Arc Welding 


Building Up Battered Rail Ends, by the Arc. Merrill H. 
Turner. 


Am. Weld. Soc. Jour., Apr., 1928; v. 7, pp. 26-30. 


Cars, Gas-Electric 
Rail-Cars and Their Operation. Walter C. Sanders. : 
Soc. Auto. Engrs. Jour., May, 1928; v. 22, pp. 541-549. 
(On the design, performance, operating costs, etc., of 
gasoline and gas-electric rail cars.) 


Commutation 
Commutation Control of Booster Converters. L. A. 
Vaupre. 
Power Pl. Engng., May 1, 1928; v. 32, pp. 510-514. 


Electric Cables—Testing 
Testing High Tension Cables. 
Elec'n., May 4, 1928; v. 100, pp. 497-498. 
(Abstract of a paper by Martin Héchstadter.) 


Electric Controllers 
Choosing the Controller to Suit the Motor’s Load. W. H. 
Costello. 
Power, May 8, 1928; v. 67, pp. 810-813. 


Electric Heating 
Energy from Dynamic Braking Cuts Heating Costs. 
A. W. Baumgarten. 
Elec. Rwy. Jour., Apr. 21, 1928; v. 71, pp. 648-651. 
(Explains a system of electric heating of street cars.) 


Electric Measurements 
Demand Totalizing by the Impulse Method. Carl Oman. 
Instruments, May, 1928; v. 1, pp. 237-242. 
(Describes instruments and methods.) 


Electric Testing 


Thermal Method of Standardizing Dielectric Power Loss 
Measuring Equipment. J. A. Scott and others. 
A.I.E.E. Jour., May, 1928; v. 47, pp. 361-364. 
(Abridgment.) 


Electric Transformers, Instrument Type 


Current Transformer: Its Theory, Characteristics and 
Application. J. T. Hattingh. 
S. Af. I. E. E. Trans., Mar., 1928; v. 19, pp. 27-46. 


Electric Transmission 
Some Aspects of Pacific Coast Interconnections. P. M. 
Downing. 
A.I.E.E. Jour., May, 1928; v. 47, pp. 365-368. 
(Abridgment.) 


Electric Transmission Lines 
Vibration of Transmission-Line Conductors. 
Varney. 
A.I.E.E. Jour., May, 1928; v. 47, pp. 353-356. 
(Abridgment.) - 


Electrical Machinery, Fires In 


Lux Fire-Extinguishing Installation; Barking Power Sta- 
tion. 
Engng., Apr. 13, 1928; v. 125, pp. 441-442. 
(Details of the Lux system using carbon dioxide.) 


Theodore 


Electrical Machinery, Synchronous 
Reactances of Synchronous Machines. R. H. Park and 
B. L. Robertson. 
A.I.E.E. Jour., May, 1928; v. 47, pp. 345-348. 
(Abridgment.) 
Electrons 


Are Electrons Waves? C. J. Davisson. 
Franklin Inst. Jour., May, 1928; v. 206, pp. 597-623. 


Se ee oe 
LIBRARY SECTION Wm 


Condensed references to some of the more important recent 
articles in the technical press, and to new books of interest to 
the industry, as selected by the General Electric Main Library. 


453 


PEPPERS) LSS 


ME 


Excitation 


Excitation Systems; Their Influence on Short Circuits and 
Maximum Power. R. E. Doherty. 
A.I.E.E. Jour., May, 1928; v. 47, pp. 349-353. 
(Abridgment. Includes a bibliography of 17 entries, 
pp. 352-353.) 
Super-excitation on Synchronous Condensers for Conowingo 
System. D. M. Jones. 
A.I.E.E. Jour., May, 1928; v. 47, pp. 357-360. 


Generators 


Plate-Steel Rotor for an Electric Generator. H. G. Reist. 
Mech. Engng., May, 1928; v. 50, pp. 363-364. 


Grounding 


Ground Resistance Testing. W. B. Craigmile. 
Elec. Wid., Apr. 28, 1928; v. 91, pp. 861-862. 
(“New method of investigation described.’’) 


Hydroelectric Plants, Automatic 
Largest Automatic Hydro-Electric in Canada Goes into 
Operation. 
Power, May 1, 1928; v. 67, pp. 789-790. 
(Short account of the Alouette plant of the British 
Columbia Electric Rwy. Co.) 


Insulation—Testing 
Radio Waves Search Out Insulation Faults in Machine 


Windings. J. L. Rylander. 
Power, May 1, 1928; v. 67, pp. 769-770. 
Insulators 
Preventing Insulator Leakage. C. L. Greer. 
Elec. Trac., May, 1928; v. 24, pp. 249-250. 
(‘‘Overcoming trouble from salt spray on transmission 
lines of the Galveston-Houston Electric Railway 
Company.’’) 
Load Dispatching 
“Grid” Load Dispatching. 
Elec. Rev., Apr. 13, 1928; v. 102, pp. 629-632. 


Locomotives, Oil-Electric 
Performance Records of Oil-Engine Locomotives. 
man Lemp. 
Power, May 1, 1928; v. 67, pp. 784-785. 
(Abstract of a paper read before the A.S.M.E.) 


Photometers and Photometry 


Further Developments in Photo-Electric Photometers. 
C. H. Sharp and H. A. Smith. 
Illum. Engng. Soc. Trans., Apr., 1928; v. 23, pp. 428-451. 
Photometry and Watt Measurements of Incandescent 
Lamps on Ordinary A.C. Circuits. C. H. Sharp and 
E. D. Doyle. 
Illum. Engng. Soc. Trans., Apr., 1928; v. 23, pp. 383-390. 
(Discussion, pp. 439-451.) 
Photoelectric Cell Photometer. 
Schroeder. 
Illum. Engng. Soc. Trans., Apr., 1928; v. 23, pp. 391-418. 
(Discussion, pp. 439-451.) 


Power Plants, Electric 


Baltimore’s New Station. A. S. Loizeaux. 
Elec. Wld., May 5, 1928; v. 91, pp. 901-906. 
(An illustrated description of equipment in the Gould 
Street plant of the Consolidated Gas, Electric Light 
& Power Co. Abstract of a paper presented before 
the A.I.E.E.) 
Catalina Island Diesel Plant Makes Remarkable Record. 
O. H. Barnhill. 
Oil Engine Power, May, 1928; v. 6, pp. 318-324. 
(A description of equipment and performance of a 
Diesel-electric generating station at Avalon, Cata- 
lina Island.) 


Her- 


Charles Deshler and Henry 
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Protective Apparatus 


Protection of Supervisory Control Lines Against Over- 
Voltage. Edward F. W. Beck. 
A.I.E.E. Jour., May, 1928; v. 47, pp. 332-336. 
(Abridgment.) 


Radio Engineering—Amplification 
Tuned Radio-Frequency Amplifiers. R. S. Glasgow. 
A.I.E.E. Jour., May, 1928; v. 47, pp. 327-331. 
(A simplified method of ‘calculating the performance. 
Abridgment.) 


Radio Engineering—Detection 


Detection by Grid Rectification With the High-Vacuum 
Triode. Stuart Ballantine. 
Inst. Radio Engrs. Proc., May, 1928; v. 16, pp. 593-613. 


Radio Engineering— Instruments 


Automatic Recorder for Measuring the Strength of Radio 
Signals and Atmospheric Disturbances. E. 
Judson. 

Inst. Radio Engrs. Proc., May, 1928; v. 16, pp. 666-670. 
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Radiotelephony 
Transatlantic Telephony—Service and Operating Features. 
. Waterson. 
Bell System Tech. Jour., Apr., 1928; v. 7, pp. 187-194. 
Transatlantic Telephony—The Technical Problem. O. B. 
Blackwell. 
A.I.E.E. Jour., May, 1928; v. 47, pp. 369-373. 
(Appears also in Bell System Technical Journal, Apr., 
1928, pp. 168-186.) 


Radio Transmitters 


Recent Developments in Low Power and Broadcasting 
Transmitters. I. F. Byrnes. 
Inst. Radio Engrs. Proc., May, 1928; v. 16, pp. 614-651. 


Short Circuits 
Short-Circuit Risks on H. T. Networks. J. Biermanns. 
AEG Progress, Apr., 1928; v. 4, pp. 91-100. 
Welding 


Easy Method for Testing Welds for Ductility. W. B. 
Miller. 
Am. Weld. Soc. Jour., Apr., 1928; v. 7, pp. 47-51. 


NEW BOOKS 
(These and other Technical Books may be purchased through the Circulation Dept. of the GENERAL ELECTRIC REVIEW) 


A.C. Commutator Motor. C. W. Olliver. 281 pp., 1927, 
N. Y., D. Van Nostrand Co. 

(“The gradual standardization of A.C. networks makes 
the use of A.C. motors essential in the greater number 
of industrial applications. On the other hand, the in- 
creasing demand for efficient speed regulation and a 
growing necessity for a high power-factor has led to 
the use of converting apparatus and D.C. motors, an 
expensive and inefficient process.” So says the author 
of this British book on the a-c. commutator motor. 
He goes on to say: ‘‘There is, for some reason which is 
dificult to appreciate, a strong prejudice against the 
A.C. commutator motor which affords an almost per- 
fect solution to the problem, not perhaps so much by 
itself as when combined with the more usual induction 
motor. It is the object of this book to attempt to 
break down any such prejudice and show that the 
future lies with such combinations as will be de- 
described.” The author treats his subject from two 
angles, the analytical side and the practical applica- 
tion of such machines. In the early chapters he dis- 
cusses theoretically the subject of commutation in 
d-c. and a-c. machines, the theory of single-phase and 
repulsion motors, the polyphase commutator motor, 
cascaded sets, compensated motors, and phase ad- 
vancers. This comprises over half the book. The second 
part deals with the use of the a-c. commutator motor 
for the drive of cranes and hoists, textile mills, paper 
mills, pumping sets, mining machinery, machine tools, 
etc. Separate chapters are devoted to single-phase 
traction and to rolling mill drives. The book is illus- 
trated by means of charts, diagrams, and full-page 
photographs of installations, the great majority of the 
examples being of European machinery and practice.) 


Probability and Its Engineering Uses. Thornton C. Fry. 
476 pp., 1928, N. Y., D. Van Nostrand Co. 

(The theory of probabilities is familiar in a general way, 
to the engineering student, as a sort of mathematical 
exercise. He associates it with such simple problems 
as the chance of picking a red ball out of a bag of 
mixed red and white balls, and similar calculations. 
Probability is of course, utilized by insurance com- 
peu in actuarial calculations, but the book at 

and demonstrates its value in engineering applica- 
tions. To familiarize the reader with the theory, the 
author first discusses permutations, combinations, 
factorials, binomial theorem, etc., illustrating the 
application of the associated laws and methods by 
means of simple problems such as ‘‘the chance of 
throwing an ace exactly once in six throws of a die.” 
Bernoulli’s Theorem, Maxwell’s equation, the Poisson 
Law, the Gram-Charlier Series, and the Multinominal 
Law are some of those discussed mathematically and 
by illustration. Then, leading to the engineering 
applications, the author applies probability theory 
to such problems as telephone traffic and the probable 
flux across a surface, and then derives the equation 


which forms the mathematical basis for the entire 
Kinetic Theory of Gases. The volume is an out- 
growth of a set of notes used for classes at the Bell 
Telephone Laboratories, and which were later revised 
for a course at Massachusetts Institute of Technology.) 


Transmission Line Engineering. W. W. Lewis. 361 pp. 
1928, N. Y., McGraw-Hill Book Co., Inc. 

(This book deals with the more important electrical 
problems which confront the engineer who is engaged 
in the calculation and design of transmission lines. 
By means of the formulas and very complete tables, 
the engineer is enabled to determine the constants 
of a transmission line, its loss, regulation and efficiency. 
Short circuit currents, both three-phase and single- 
phase, may be calculated. Chapters are devoted to 
the subject of triple harmonics, autotransformers 
and telephone interference. Disturbances on trans- 
mission lines, and the best methods of protection 
are fully treated. The subject of power limit or system 
stability is outlined and recommendations are given 
for grounding systems for generating stations and 
substations. Numerous examples are given to illus- 
trate the theory, also references to the pertinent 
literature. There are 200 illustrations and a full 
index.) 


World of Atoms. Arthur Haas. (Tr. by Horace S. Uhler) 
139 pp., 1928, N. Y., D. Van Nostrand Co. 

(A compact volume consisting of ten related, non- 
mathematica] lectures presented at the University 
of Vienna. ‘‘ They were intended to present to the 
lay public the achievements of modern atomic physics 
in as brief and yet thorough a manner as possible, 
and at the same time in an easily understandable 
form.” The author goes on to say, however, that, 
‘The lectures can lay claim to the characterization 
‘popular’ only in the sense that every lay reader who 
has at his command a sufficiently general education, 
can begin the reading of the book and continue to the 
end, without great difficulty and with comprehension, 
insofar as his interest in the subject | lends him the 
necessary patience and perseverance.” The lectures 
consist of: I, Matter and Electricity; II, The Building- 
Stones of Atoms; III, Light-Quanta; IV, Spectra and 
Energy Levels; V, The Elements; VI, The Atom as a 
Planetary System; VII, Molecules: VIII, Radio- 
activity; IX, Transformations of the Elements; X, 
Wave Mechanics of the Atom. Although mathe- 
matics has been intentionally omitted from the 
lectures, the author presents a few pages of supple- 
mentary notes giving such formulas as may be sought 
by those readers who desire to pursue that phase of 
the subject. The tenth lecture, ‘Wave Mechanics 
of the Atom,” was prepared especially for this Amer- 
ican edition, and, according to the translator, it 
y “constitutes the pièce de résistance of the intellectual 
east. ” 
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POWER AND PROTECTION FOR A-C. NETWORKS 


A three-phase 60-cycle 500-kv-a. 26,400-125/216 Y-volt transformer with protective equipment (total weight 10 tons) being lowered into 
a vault for operation on the a-c. distribution system of the Brooklyn Edison Company. 


Transformer equipment for such service 
will be described in a forthcoming issue in Mr. Blake’s serial which this month treats of the protective equipment 
(See p. 480) 
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EYES 


In the long, but grand. tale of evolution one of the 
preatest steps upward must have been when Nature 
gave the first primitive eye to a living thing. The 
evolution of the eye is a wonderful story, but fairly 
well understood and there seems little reason to 
doubt that the first eye was nothing more compli- 
cated than a lens-shaped drop of water on a sore spot. 

Nature gradually worked out her problem of eyes 
till we see different species endowed with many types 
of eyes each evolved and developed to meet the par- 
ticular needs of the individual species. The human 
eye, some consider Nature’s masterpiece in eyes; 
others are not so complimentary. However man did 
marvelous work in the study of Nature and her laws 
with the unaided eye. But man’s greatest advance 
in the study of Nature came when he added other 
eyes to those with which he was originally endowed. 
We can hardly imagine the modern scientific world 
without the microscope and the telescope—those two 
direct aids to human vision; and our more modern 
and more wonderful achievements in the realms of 
physical research would have been quite impossible 
without our newer eyes—the spectroscope and x-ray 
diffraction apparatus. 

It is hard to trace accurately the origin of the 
microscope and telescope. Some historians claim that 
a convex lens of rock-crystal found in the ruins of 
the palace of Nimrud was for use as a microscope, 
but there appears little evidence to prove the conten- 
tion. Others say that Roger Bacon, who died in 1294, 
ground lenses for use as microscopes. We do know 
that old Anthony Leeuwenhoek, the janitor of the 
city hall of Delft, prompted by his innate genius and 
stimulated by his indefatigable energy and perse- 
verance, did grind wonderful lenses and discovered 
new worlds upon new worlds. He found life in myriad 
places where man had no suspicion that life existed. 
To him every tiny drop of water was a new world 
teeming with new and strange forms of life. He can 
almost be said to have discovered the kingdom of 
microbes. What great things tiny lenses have done 
since the days of Leeuwenhoek! Old Leeuwenhoek, 
who was born in 1632 and and who died in 1723, 
has aptly been called the ‘‘Father of the Microscope,” 
and it was indeed his pioneer work that enabled 


Spallanzani, the ever lovable Louis Pasteur, Koch, 
Roux, Behring, old Elie Metchnikoff, Theobald Smith, 
Bruce, Ross and Grassi, Reid and Paul Ehrlich, with 


‘many others, to rid both man and beast, not only 


partly, but largely, of the curse of infectious disease. 

When we add to these triumphs what the micro- 
scope has done in the realms of chemistry, physics, 
botany, biology and a list of other ‘‘ologys’’ too long 
to mention, we can begin to realize what our new eye 
for seeing into the kingdom of the minute has done 
for. the advancement of mankind. 

The origin of the telescope, like that of the micro- 
scope, is more or less obscure. We all know the story 
of the little boy who, holding one spectacle lens in 
front of another while looking at the moon, ex- 
claimed, ‘‘Papa, the moon is in the room.” Probably 
that was the first telescope. 

However the first man who knew how to make and 
use telescopes was our old friend, of Inquisition fame, 
Galileo Galilei. His famous sixty nights spent in dis- 
covering and studying the satellites of Jupiter with 
his new “plaything” put a new complexion on man’s 
knowledge of the earth, proved the theories of Coper- 
nicus and were a potent factor in sounding the death 
knell of the medieval period and ushering in the 
Renaissance. 

Galileo’s telescope with an opening of only 214 
inches in diameter had an area 81 times as great as 
the fully expanded iris diaphragm of the human eye 
and could therefore gather 81 times as much tight. 
Herschel’s 18-inch telescope could gather as much 
light as 5000 human eyes added together. A 60-inch 
telescope can gather 57,600 times the light a human 
eye can and the King of telescopes, the great Hooker 
telescope of Mount Wilson, with its 100-inch lens can 
gather as much light as 160,000 human eyes com- 
bined. 

It is these wonderful instruments, with their com- 
panions in usefulness, the spectroscope and photo- 
graphic plate, that have extended man’s knowledge 
into limitless space and turned the siderial universe 
into an experimental research laboratory for the use 
and advancement of man. 

This new eye of man’s for peering into the realm of 
the infinitely great has enabled man to discover new 
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planets, both major and minor, new stars literally 
beyond number, new spiral nebulae and new uni- 
verses beyond universes. 

The spectrograph, although perhaps not so directly 
a new eye, is, nevertheless, a new eye with which man 
has learned more of the secrets of Nature than by any 
other means. Its history and development is fascinat- 
ing, but, in all its ramifications, is too long to deal 
with here. But its earliest beginning is interesting 
to record. 

When that immortal genius, Sir Isaac Newton, 
closed the shutters of his room and, leaving a thin slit 
through which a beam of sunlight streamed, placed 
a wedge of glass (in modern language, a prism) in the 
path of the beam, and when he saw the beam of light 
spread out on the wall of his room in all the glorious 
colors of the spectrum, it was then that he exclaimed, 
“Behold the Specter!’’—Thus was spectroscopy, the 
most magnificent of our modern sciences, born, 
christened and ushered into the world. 

The spectrum has always seemed to us the Holy of 
Holies of science, because from it we can learn more 
of the secrets of the Creator than by any other means. 
It does not matter whether we point our spectro- 
graph at an incandescent element in our Research 
Laboratory here on earth or at the Creator’s labora- 
tories in the remotest stars or furthest spiral nebulae, 
they write their ‘‘signatures’’ for us and tell us who 
(or which) they are. The spectrograph is man’s first 
great analytical eye. 

The x-ray diffraction apparatus, or shall we call 
it an x-ray spectroscope, is the most wonderful 
analytical eye that has yet been devised by man. 
It is our new eye for peering into the realms of the 
infinitely small and with it we can determine dis- 
tances of less than one hundredth millionth of a cen- 
timeter. To find its origin we must go back to the 
year 1896 when Röntgen discovered x-rays, a new 
form of light of extremely small wavelength. But 
it was not until 1912 when Laue with his brilliant 
inspiration, work and assumptions, found a method 
of actually determining the distances between the 
different atomic planes of crystals that the science 
of x-ray spectroscopy was bcrn. 
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Sir William Bragg and many others have since made 
brilliant contributions to the new science. 

In brief, every solid substance is composed of atoms 
arranged in a manner characteristic of that particular 
substance. The arrangement of the atoms in the 
specimen is determined by measuring the angles at 
which the x light is diffracted in passing through the 
crystals. It is possible to calculate the wavelength if 
the interatomic spacing is known or to calculate the 
spacing if the wavelength is known. So with the x-ray 
diffraction apparatus the exact position of every atom 
in a crystal is determinable for, by filtering, a known 
wavelength of x light can be obtained. | , 

It is most important for the scientist to be able to 
determine the position of the atoms in a solid body 
as it is the arrangement of the atoms that largely de- 


-termines the properties of the substance. And here is 


just where our new eye has left the old-fashioned 
chemist so far behind. A solid body consisting of just 
the same atoms may have different properties—say 
one piece may be brittle and the other ductile, but 
chemical analysis reveals no cause for the difference. 
Our new eye tells the physicist why one is brittle and 
the other ductile—the atoms are arranged differently. 


Since November, 1924, we have been running a 
series of articles in our columns by Dr. Wheeler P. 
Davey, dealing with the different methods of using 
our new eye in the determination of atomic arrange- 
ments and of atomic energies in the crystal state. 

We feel that this series of articles will be a valuable 
contribution to the literature of this most useful and 
up-to-date subject. 

When we realize that a good microscope can see 
nothing smaller than an object as large as 2000 mole- 
cules combined, and that with our new x-ray eye we 
can determine the spacings between the individual 
atoms in the unit cell we know what a powerful in- 
strument of research has been put into the hands of the 
scientist. 

The four new eyes we have mentioned here are all 
the products of the greatest eye we have, the mind's 
eye. These are only a beginning—the possibilities of 
the future are infinite! J. R.H. 
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constant-current transformer was built. This 

was designed primarily for installation in 
attended stations and took care of the needs very 
competently at that time because the area to be 
lighted was relatively small and cables could be taken 
directly from this attended station to the street- 
lighting units. Such a system involved the use of a 
control panel in the station. This system gave assur- 
ance of careful supervision for the control was in the 
hands of the station operator. It also utilized vacant 
space in the station which at that time was always 
available. 

Owing to the rapid growth of cities, the increasing 
popularity of better street lighting, and the develop- 
ment of larger series lamps, it became evident that 
the generating and distribution capacity of the cen- 
tral station would have to be greatly increased to 
meet the demand of the increasing house distribution 
and street-lighting loads. The average station had 
not been designed to accommodate such an increase 
in station equipment and it was evident that new 
stations would have to be built or existing apparatus 
would have to be removed from the stations in the 
downtown districts. Not only were the stations 
crowded but the underground ducts were filled to 
capacity with outgoing copper. In the majority of 
cases it was either uneconomical or impossible to 
enlarge a station, because of the cost or unavailability 
of the adjacent property. Long before the situation 
had become acute, the farsighted engineers of the 
various manufacturing companies and public utilities 
had been searching for some means of de-centralizing 
the street-lighting distribution equipment. This 
resulted in the development of the first pole-type 
constant-current transformer in 1914. Such a trans- 
former was entirely automatic in operation and could 
be connected directly to the primary supply by means 
of an ordinary switch or any method of remote control. 

With this de-centralization of the street-lighting 
circuit, it was necessary to turn the circuits on and 
off at dusk and dawn. One of the first methods was 
to send out an operator to perform this operation 
manually. The control apparatus consisted of an oil 
switch (Fig. 1) mounted on a pole with the trans- 
former. The switch was operated by means of chains 
or ropes. This means of control was rather expensive as 


. ene the year 1893 the first station-type 


it required sending a man around every night and 
every morning to switch the separate circuits on and 
off. Also, the reliability of the operation depended 
upon the trustworthiness of the person doing the 
work. This form of control was satisfactory for the 
needs of the time, but as people began to realize the 
advantages of street lighting and the importance of 
maintaining proper schedules, they demanded better 


Fig.1. The Type of Pole-mounted Oil-circuit Breaker Used for 
Manually Controlling a Pole-type Constant-current Trans- 
former. In this service the breaker is arranged for 
operation from the ground by chains or ropes 


lighting and more uniform schedules. This required 
that the central station adopt some means of remote 
control. . 

In response to these demands, some central stations 
decided to run a primary loop around the town to take 
care of street-lighting circuits only. To this primary 
distribution system the constant-current transformers 
were directly connected. The control was placed in 
the hands of the station operator, who had merely 
to close the breaker on this primary loop to turn on 
the lights. In this way very accurate schedules were 
maintained. This method, however, had the dis- 
advantage of being expensive because a primary 
distribution loop was tied up for part-time service; 
whereas if some other form of remote control were 
available, this feeder could have been used to furnish 
power by day as well as night. 

The first attempt to meet the requirements of 
controlling these constant-current transformer cir- 
cuits without using an individual feeder was by means 
of a clock mechanism which actuated a set of contacts. 
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Such a time-switch combination (Fig. 2) fulfilled the 
requirements to a limited extent. It was inexpensive; 
all that was required was the time switch itself. One 
objection to such a scheme was its inaccuracy, because 
a time switch could not be set closer than 10 to 15 
min., and in addition the operation was dependent 
upon a relatively delicate clock mechanism. The main 
objection, however, was that time switches had to be 
wound and reset once a week. This resulted in a high 
labor charge. 

The next development in the control of street- 
lighting circuits was a contactor actuated by an 
operating coil. The coils were designed for operation 
on either a series or a multiple circuit. These so-called 


Fig. 2. Hand-wound Time Switch for Controlling a 
Pole-type Constant-current Transformer 


controllers (Fig. 3) when arranged with a series 
operating coil made possible the use of such control 
schemes as cascade or series systems. In the cascade 
system (Fig. 4), the operating coil of a controller is 
connected in series with the nearest constant-current 
circuit. When the first circuit is energized, it in turn 
energizes the operating coil of the second controller 
which picks up the contactor; this action closes the 
primary to the constant-current transformer. In the 
second circuit there is also a similar combination. 
Thus circuits can be cascaded to any desired number. 
The series system (Fig. 5) is very similar in that the 
operating coil of the controller is in series with a series 
loop around the business part of town. Thus it con- 
stitutes a series pilot circuit. Such schemes have a 
relatively low installation cost as the only apparatus 
necessary for control is the controller itself. However, 
such systems have the disadvantage that any outage 
of any series circuit means the outage of all beyond 
that point; and in the case of a series control system, it 
means that the outage of the series loop in turn results 
in the outage of all the circuits operated from it. 
Therefore the use of cascade or series-control systems 
is limited. 
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.Controllers that are similar except in having 
a shunt operating coil may be used in a pilot-wire 
control system. This system involves running a pilot 
wire (Fig. 6) from the central station to the various 
control points, or running a pilot-wire loop around 
the city to take care of all of the street-lighting cir- 
cuits. A number of central stations are now using a 
three-phase four-wire distribution system having a 
grounded neutral. When this is done, the grounded 
neutral can be used for a return of the pilot circuit 
and it is necessary only to run one pilot wire, thus 
reducing the installation cost. This system is very 
reliable and has proved very satisfactory almost 
everywhere that it has been tried. As the control is 
in the hands of the station operator, it assures an 
accurate adherence to the control schedule; but, on 
the other hand, such a system is relatively expensive 
because of the high installation and maintenance 
costs of the very long pilot wire. 


Fig. 3. Controller with Series Operating Coil for Use on 
Series or Cascade Systems 


In view of the shortcomings and limitations of the 
various available control schemes, specifications were 
drawn up for an ideal type of control, and in these 
the following points had to be considered: 


(1). The control must be in the hands of a sta- 
tion operator so that reliable schedules may 
be maintained and so that in case of foggy or 
dark days the lights may be controlled ahead of 
schedule. 


(2). Minimum station space must be required by 
any apparatus necessary to control the various 
circuits. 


(3). No additional wires should be necessary for 
controlling the various street-lighting circuits; and 
if a copper path is required, it must be the most 
reliable path available. 


(4). The system must be entirely flexible. 


_ (5). The system must be economical; t.e., the in- 
stallation and maintenance expense must be well 
within reason. 


(6). The utmost reliability is required. 


CARRIER-CURRENT CONTROL OF STREET-LIGHTING CIRCUITS 


Control Problem 

The foregoing general requirements for an ideal 
control system indicated that the power conductors 
themselves should be used for transmitting the control 
energy. Carrier-current control at once suggested itself 
as the ideal method by means of which these require- 
ments could be fulfilled. 
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In general, the operation of carrier-current control 
equipment is as follows: The carrier-current control 
energy is superimposed upon an existing power line or 
metallic circuit at the station end, thus energizing 
this line with the carrier power. At the point at which 
remote equipment is to be controlled (Fig. 7) a re- 
ceiving apparatus is installed which will be actuated 
by these carrier-control impulses. The electrical 
control circuit will then be either closed or opened 
depending upon the type of control impulse impressed 
upon the receiving equipment. 
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This control energy had to be impressed upon the 
feeders and transmitted over these feeders without 
causing any reaction with the regular feeder service. 
Capacitive coupling to the power lines was obviously 
the proper means to adopt. These capacitors have a 
high reactance to the confmercial frequency but 
readily pass the control-frequency energy, thus 
interfering in no way with the normal functioning of 
the line. 


Control Frequency 

Carrier energy can be transmitted over practically 
any metallic circuit but the same carrier frequency 
cannot always be used for the best results over differ- 


CM, 
E 
w a P 


iX 
+ 
~ 
4 
+ 
* 


oe. 
4 
* "yi 7" 


BS be 


DADE pre- eye 
nebies, ) > 
AE a ah Ita s e 


Jari ee 


M a 
- 
ES S i a 


, a oe B pA 


A riaa 
“he i>er VS 


Ted 
m a 


p e 


AU EAT a eo 


ER 
ba 


i 
i f 


Tam E. n 
5 - 


| 


ale a 


Pew) 


Fig. 7. An Installation of Carrier-current Control on an Aerial Street- 
lighting Circuit. The coupling-capacitor and drainage units are 
shown mounted on a cross-arm and the receiver on the 
left-hand side of the pole a short distance from 
the ground 


ent circuits. It was necessary to make a detailed 
study of commercial distribution feeders, connected 
apparatus, etc., in order that control frequencies 
could be selected which would enable the use of the 
minimum amount of control energy to perform all 
possible control problems with a high degree of 
service. 

In order that the carrier-blocking effect from the 
feeder voltage regulators might be determined, these 
were studied as an independent unit. Fig. 8 shows 
curves of voltage regulator impedance against carrier 


‘frequency. These curves show that the impedance 


of this regulator for the maximum load curves plotted 
is in excess of 700 ohms at 35, 40, and 45 kc. with the 
regulator coils in various positions. These three fre- 
quencies are the ones used for carrier-current control 
as explained later. The impedance of the regulator is 
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seen to decrease with the higher primary loads, 
showing that the regulators would have their mini- 
mum carrier-frequency choking effect at the highest 
feeder loads. 

These curves also show that the carrier energy can 
be impressed upon a feeder upon the line side of. the 
voltage regulators with assurance that only a small 


amount of this energy will leak back into the sub- , 


station bus. 

The impedance of a primary feeder will be depend- 
ent partially upon the impedance of the connected 
transformers. Fig. 9 shows a curve of primary imped- 
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Fig. 8. Impedance Curves of Feeder-voltage Regulators with Respect 
to Different Frequencies of Carrier Current 


ance against carrier frequency for several types of 
distribution transformers with the secondary winding 
of the transformer short circuited. Fig. 10 gives the 
same type of curves for these transformers with an 
open circuit upon the secondary terminals. These 
curves show the variation of the transformer primary 
impedance with respect to a change of transformer 
load and change of carrier frequency. 

With the impedance characteristics of feeder- 
voltage regulators and distribution transformers at 
hand, the next step was to determine the carrier- 
frequency characteristics of several primary feeders. 
Measurements were made on a number of 4000 and 
2300-volt primary feeders which were supplying 
commercial load. These measurements in most cases 
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were taken upon the line side of the voltage regulators. 
The measured characteristics of one feeder are as 
shown in Fig. 11. Power transmission tests at carrier 
frequencies were also made upon this same feeder 
at a point approximately six miles distant from the 
transmitter, which was located at the substation. 
From the substation end, 8700 ft. of this feeder con- 
sisted of a three-conductor underground cable and 
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Fig. 9. Impedance Curves of Distribution Transformers, Taken on 
the High-voltage Winding with the Low-voltage Winding 
Short Circuited 
Curve 1: 3-kv-a. transformer 
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Fig. 10. Distribution Transformer Impedance Curves Taken on the 
High-voltage Winding with the Low-voltage Winding Open 
Circuited. (Compare with Fig. 9) 

Curve 1: 3-kv-a. transformer 


Curve 2: 714-kv-a. transformer 
Curve 3: 15-kv-a. transformer 


the remaining ten miles consisted of a four-wire 
aerial line. The curve in Fig. 12 shows that the maxi- 
mum energy was transmitted between the two points 
at 40 kc. 

From analyses of these and other similar impedance 
measurements, and a detailed study and measure- 
ment of a great many distribution systems of this 
Same general type, 1t was determined that 40 kc. 
would be the best average frequency to use with 35 
and 45 kc. as alternative frequencies. 
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Control Energy Required 

After arriving at these conclusions as to the proper 
control frequency to use, and with a knowledge of the 
voltage distribution along the feeder, it was necessary 
to determine the amount of energy at the carrier 
frequency which would satisfactorily energize and 
perform control operations on feeders of these types. 

In order to determine the amount of transmitter 
energy required, it was necessary to develop the carrier- 
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Fig. 11. Carrier-frequency Characteristics of One Phase of a 
4150-volt Distribution Feeder Approximately 
12 Miles Long 
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control receiver first. This receiver had to be immune 
from operation and damage by power-line surges, volt- 
ages induced by lightning strokes, etc., but had to 
operate upon a very low carrier-control voltage that 
represented no appreciable amount of control energy. 

The carrier-control receiver finally developed uti- 
lized a single, type PT-210 pliotron tube supplied with 
alternating-current plate, grid, and filament voltages, 
and used as a biased detector, the connection diagram 
of which is shown in Fig. 13. The filament of the tube 
is energized continuously at a reduced filament 
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rating. The standby plate current of the vacuum 
tube is zero, thereby requiring no plate energy except 
during the operating cycle of the receiver. The mini- 
mum expected life of this type of tube run under 
these conditions is about one year. Vacuum tubes 
are, however, still in service under similar conditions 
after a period of over three years. 

No receiver tuning circuit is necessary. A fixed 
carrier-frequency input transformer is used which 
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has an inherent resonance peak covering the three 
selected control frequencies, thereby eliminating all 
need for delicately adjusted input circuits. The 
receiver input circuit has a very high impedance at 
the control frequency. This means that the actual 
carrier energy required for receiver operation is of a 
negligible value. 

The receiver is coupled to the carrier-energized 
phase of the transmission line through high-voltage 
coupling capacitors as shown in Fig. 13. The coupling- 
capacitor reactance is high at the power frequency, 
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so there is in effect no ground placed upon the distri- 
bution system by this capacitor. The capacitor, how- 
‘ever, Offers a very low reactance path to the carrier 
frequencies and thus allows the carrier energy to pass 
freely into the control receiver. A drainage coil hav- 
ing a low reactance at the commercial frequency is 
mounted in the capacitor case and is connected be- 
tween ground and the low side of the capacitor, thus 
being utilized to hold the 60-cycle voltage at that 
point to practically a zero value. The carrier-fre- 
quency voltage, however, is maintained at practically 
its former value due to the very high impedance of 
this drainage coil at the carrier frequencies. Vacuum- 
gap lightning arresters are used in the receiver to 
protect it against high-voltage surges. 

In order to obtain selectivity, e.g.,‘‘on’’ or “‘off’’ oper- 
ation of the controlled equipment, a time-selector 
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Fig. 15. Diagram of Connections of Carrier-current 
Control Transmitter 


relay was developed, utilizing the inductive-disk relay 
principle. This relay contains a small mercury-tube 
switch which either opens or closes a control 
circuit as desired. A short carrier impulse will close 
these control contacts and an impulse approximately 
two and one half times as long will open them. Time- 
voltage curves of this relay are shown in Fig. 14. 
The “on” carrier impulse is of 414 sec. duration and 
as shown in the curves, the relay coil voltage may 
drop to 86 volts but the relay will still function “on” 
properly. The “off” carrier impulse is of 13 sec. 
duration which for correct ‘‘off’’ operation gives 87 
volts as the minimum operating potential. The maxi- 
mum operating voltage is at the point where the 
relay ‘‘off’’ operating curve and the “on” carrier 
impulse line cut each other, vz., 141 volts. The normal 
operating voltage of the equipment is 115 volts. 
These curves show that the operating voltage may 
vary 23 per cent plus or minus and the time-selector 
relay will still operate satisfactorily. 


Transmitting Equipment 

The receiver development having been completed, 
and with impedance curves of the distribution line 
and connected apparatus available, analyses showed 
that 100 watts of carrier-frequency control energy 
would be sufficient to control equipment reliably over 
the majority of distribution feeders. 
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The carrier generator developed is of a simple full- 
wave self-rectifying design and utilizes an alternating- 
current voltage directly for the power supply, no 
motor-generator set being necessary. The oscillator 
has a normal power output of 100 watts. The carrier 
generator is coupled to the distribution circuit 
through an output transformer by means of which 
the distribution-line impedance and the oscillator 
impedance are matched so as to effect a maximum 
transfer of energy into the line. The complete trans- 
mutter circuit used is as shown in Fig. 15. 


Fig. 16. Tuning Unit for Connecting and Resonating the 
Transmitter to the Feeder Circuit 


A line-tuning unit (Fig. 16) is used to connect and 
resonate the transmitter to the particular feeder upon 
which coupling equipment has been installed. The 
relay which is mounted on the lower part of the panel 
acts as the means of connecting the carrier-generator 
and line-tuning equipment to the _ line-coupling 
capacitors. The tuning coil which is located at the top 
portion of this panel is used as a means of tuning the 
coupling capacitors, transmission line, and the output 
transformer output winding, to resonance with the 
carrier generator. 

A keying mechanism which is driven by a coil spring 
is utilized to start the transmitter, connect it to the 
desired feeder, send out the controlling carrier im- 
pulse, and then disconnect and shut down the equip- 
ment and put it in readiness for the next operation. 
One such key is used for the “on” operation and 
another for the “off” operation, the only difference 
being in the length of the impulses they send out. 

A feeder selecting and indicating group is mounted 
upon the transmitter for each individual circuit over 
which equipment is to be controlled. This assembly 
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includes a red and a green indicating lamp which 
indicate to the operator the last carrier impulse sent 
out over the particular circuit in question. The num- 
ber of feeders or circuits which may be energized 


Fig. 17. A Typical Carrier-current 
Coupling Capacitor 
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Fig. 18. Receiver Unit for the Carrier-current Control of 
Street-lighting Circuits 
from one transmitter may be increased by merely 
adding additional transmitter-panel-selecting and 
indicating groups and additional feeder coupling and 
tuning equipment. 
The transmitter 1s coupled to the transmission line 
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through high-voltage coupling capacitors very similar 
to those shown in Fig. 17 except that their capaci- 
tance is five times as great. A drainage coil is also 
included in the capacitor case. 


Fig. 19. Transmitter Panel (at the left) Equipped for Carrier-current 
Control of Five Separate Street-lighting Feeders 


Fig. 20. Rear View of Transmitter Panel Showing Carrier-current 
Generator and Feeder-selecting and Indicating Units 


Commercial Design of Receiver 

The final form of receiving equipment is shown in 
Fig. 18. The left-hand unit in the receiver is detach- 
able and upon it is mounted practically all of the 
essential receiver parts. The time-selector relay is 
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mounted in the center of the unit and the plate circuit 
relay can be seen through the round opening in the 
lower part. The box at the top contains both the 
carrier-frequency and the power-supply transformers. 
The receiver tube is mounted in back of this unit. The 
power-supply apparatus, control contactor, and 
lightning arresters are mounted upon the receiver 
panel proper. 
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mounted on the center section of the panel. The 
control keys are located at the top of the center panel 
on the front, there being two keys, one for the “on” 
operation and the other for the “off” operation. 


Application of Carrier-current Control Equipment 
A commercial installation of carrier-current re- 
ceiver equipment is shown in Fig. 7. 


Fig. 21. An Installation of Coupling Capacitors and Line-tuning Equipments. The equipment 
included within the white réctangle is necessary for one feeder 


Transmitter 

A front view of the commercial form of transmit- 
ting equipment is shown in Fig. 19, and a rear view 
in Fig. 20. The panel is of standard switchboard 
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Fig. 22. Schematic Diagram of Connections for a Complete 
Carrier-current Control Street-lighting Installation 


dimensions. All equipment mounted on the front of 
the panel is utilized for actuating control circuits and 
is at a low potential. The carrier-current generator 
itself is mounted on the back at the top (Fig. 20). 
The feeder selecting and indicating groups are 


In the carrier-current transmitter installation in 
Fig. 19, the panel is shown mounted adjacent to two 
standard arc-type street-lighting control panels. The 
compactness of the transmitter equipment is further 
emphasized by the fact that it is equipped to control 
five distribution feeders and could be equipped to 
control fourteen without increase in panel size. 

Fig. 21 shows a view of line-coupling equipment on 
three 4000-volt feeders. The two line-coupling capaci- 
tors are connected to the two phase wires through 
two expulsion-type fuses. The line-tuning unit is 
mounted between these four units. 

Usually each feeder has its own individual induc- 
tion voltage regulator. In such a case the carrier 
energy is supplied to the feeder from the line side of 
the regulators. Fig. 22 is a schematic wiring diagram 
of a complete carrier-current control installation. 


Special Applications 

It is not uncommon in present-day practice to 
regulate several feeders simultaneously by one set 
of regulators. When bus regulation is used, it is pos- 
sible to energize this bus with carrier energy and 
actuate control receivers installed upon all of the 
feeders leaving this bus. The actual amount of 
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carrier-control energy required to energize the system 
will depend upon the number and type of feeders leav- 
ing the common bus and upon the capacity of each. 

There are also instances where booster transformers 
are installed out upon a primary feeder. In case it is 
desired to provide control at a point beyond these 
transformers, it may be necessary to install carrier by- 
passing equipment around the transformer windings. 

It will be found at times that there is no actual 
metallic circuit between the point at which the trans- 
mitter is to be located and the proposed location of 
the street-lighting control equipment. In case the 
feeders upon which the two sets of equipment are to 
be located are in close proximity to eacn other, 
carrier by-passing equipment can be installed between 
the two sets of lines. This consists of two high-voltage 
condensers which offer a high impedance to the 60- 
cycle power current but which offer a ready path to 
the carrier energy between the lines. 

There are several specific conditions which if pres- 
ent would necessitate the use of by-passing equipment. 
For example, disconnecting switches when open 
might interrupt the continuity of the carrier trans- 
mission circuit. Another occasion for by-passing 
would be where the transmitter was located at a man- 
ually operated substation that feeds a particular sec- 
tion with an adjacent section fed from an unattended 
substation. In this case, the lines would somewhere 
be in very close proximity to each other at which 
point the by-passing equipment could be installed. 

Also, it may be necessary to perform special switch- 
ing Operations on the same transmission system to 
which the carrier-current street-lighting control 
equipment is connected. Under such a condition it 
would be necessary to be able to control one type of 
equipment without interfering with the other. This 
may be done by utilizing a code-selector type of 
receiver at these special control points instead of the 
time-selector type generally used for street-lighting 
circuit control. By using the code method, the 
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operation of one type of receiver will not cause the 
other to function. All time-selector type receivers upon 
the same circuit will actuate their respective switches 
simultaneously. A number of code-selector receivers 
may. be installed upon the system, each having a 
different code combination from the others, with the 
result that each can be operated at will without 
affecting any other control circuit. 

Street-lighting circuits are now being installed 
which have a combination of both “‘all-night’’ and 
“midnight” street lamps. The midnight lamps are 
turned ‘‘off’’ at about midnight, whereas the all- 
night lamps remain in service until morning. It is 
possible by means of a time-selector carrier-current 
control receiver of a triple-function type to turn the 
street-lighting circuits of both types “on” simul- 
taneously, and to turn them “‘off’’ separately at mid- 
night and morning. 


Results Accomplished 

Carrier-current developmental equipment for con- 
trolling street-lighting circuits has been in actual 
service in Schenectady (N. Y.) for the past three 
years and also at Rochester (N. Y.) and Bayonne 
(N. J.) for approximately two years. In addition, 
there are now commercial installations at Glens 
Falls (N. Y.), San Francisco (Calif.), and at Detroit 
(Mich.). The actual service records of all these equip- 
ments have demonstrated beyond question the prac- 
ticability of this method of control. 

It can be seen that the requirements as previously 
laid down for an ideal control system have been ful- 
filled by the application of carrier current to this prob- 
lem. Apparatus formerly used primarily for radio 
communication purposes has been successfully applied 
to the remote control of street-lighting and other cir- 
cults. The application of this type of equipment, 
vacuum tubes, etc., to problems of the public ytilities 
has a great potential field and only a beginning has 
so far been made. 


Cathode-ray Oscillogram of Lightning Surge 


First record of the voltage of a lightning surge on a transmission line obtained in this country by the 
cathode-ray oscillograph. The oscillograph employed was so arranged that it was set into operation auto- 
matically by the surge, thus obtaining the record with certainty rather than by chance. 

The record was made on the 220-kv. Wallenpaupack-Siegfried transmission line of the Pennsylvania 
Power and Light Co. at 12:45 p.m., July 27, 1928. The oscillogram at the left is of the base line: that at 


the right shows the voltage surge. the record being 40 millionths of a second in duration. 


(The oscillograph 


used was described in the August, 1928, issue of the REVIEW.) 
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High-speed Circuit Breakers, with Special 
Reference to A-c. Type 


Advantages of High Speed— Magnetic Operating Mechanism—Air-break Circuit Breaker— 
Current-rupturing Tests—Selective Operation 


By J. W. MCNAIRY 


Control Division, Railway Equipment Engineering Department, Erie Works 
General Electric Company 


IGH-SPEED circuit break- 
H ers were first applied on 

direct-current railway 
systems for protecting commu- 
tating apparatus against the ef- 
fectsof short-circuitsor flashavers. 
Later development led to their 
application to all the power cir- 
cuits of this type of system. A 
paper describing the principal 
features of a complete breaker 
installation of the direct-current 
type on the terminal electrifica- 
tion of the Illinois Central R.R. 
was presented at the June 20, 
1926 meeting of the A.I.E.E.™ 
Reference was made at that time 
to the development work being carried on in con- 
nection with alternating-current applications. 

The higher voltages of the trolley network of the 
usual alternating-current system makes high-speed 
operation of circuit breakers more difficult; and prog- 
ress therefore has not been as rapid as with the 
direct-current type. Some applications of alternating- 
current breakers to railway feeders designed to operate 
considerably faster than the usual oil breaker have 
been made in the past, but speeds approaching that of 
the direct-current breaker have only recently been 
attained. 

Both oil and air-break types of alternating-current 
breakers having an operating speed comparable to 
that of the direct-current type have recently been 
developed, and commercial designs suitable for 
voltages up to 12,000 volts alternating-current are 
now available. 

The application of an air circuit breaker to this 
type of service marks the first application of breakers 
of the air type to moderately high alternating-current 
voltages. 


Advantages of High-speed Operation on A-c. Railway 
Circuits l 


Short-circuits are necessarily more frequent on 
railway systems than on other types of power distri- 
bution networks, because of the nature of the service. 
High-speed operation of the protecting breakers for 
single-phase alternating-current systems reduces the 


(1) Transactions of A.I.F.E., Vol. XLV, p. 962; also GENERAL ELECTRIC 
Review, July, 1926, p. 490. 


In our July, 1926, issue we 
printed the authors A.JI.E.E. 
paper describing dtrect-current 
high-speed circuit breakers in 
railway service, and below we 
publish his description of alter- 
nating-current high-speed breakers 


as he presented it tothe recent Sum- 
mer Convention of the A.I.E.E. at 
Denver, except for the omission of 
a mathematical section. The sub- 
ject of high-speed breakers 1s com- 
prehensively covered in this pair 
of articles —EDITOR 


short-circuit stresses on trans- 
formers and generator windings 
and limits the burning of insu- 
lators, conductors, or parts of 
motive equipment caused by arcs 
resulting from these short-circuits, 
in the same manner as in direct- 
current applications. Breakers of 
the high-speed type are frequently 
effective in preventing the burn- 
ing off of trolley wires in case of 
an insulator arc over, thereby 
minimizing this cause of service 
delays. 

One of the most important 
problems in connection with alter- 
nating-current railway electrifica- 
tion is that of inductive interference with adjacent 
communication and signal circuits under short-circuit 
conditions. The lower impedance of the grounded 
track-return circuit results in a maximum current in 
case of a failure in the trolley circuit, and therefore 
the ground current is usually limited only by the 
impedance of these metallic conductors. The railway 
circuit differs in this respect from the usual power 
circuits where there is no grounded metallic return 
circuit. Induced voltages in adjacent low-voltage cir- 
cuits are therefore higher, on the average, and appear 
more frequently than in regions where ordinary power 
distribution networks are located. 

It is expected that the application of high-speed 
breakers to alternating-current railway systems will 
greatly reduce this interference by reducing to a 
minimum the duration of induced voltages in the 
parallel circuits. The reduction in the duration of the 
induced voltage minimizes the duty on protective 
devices in the communication circuits; and it is 
expected that the false operation of relays, bells, and 
other devices, resulting from this induced voltage, 
will be eliminated to a great extent. This is, perhaps, 
one of the greatest benefits to be derived from the 
application of this type of circuit breaker to the 
alternating-current railway feeder. 


Speed of Operation 

The total time required forthe operation of the usual 
alternating-current circuit breaker may be divided 
as follows: (1) time required for relay operation, 
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(2) time required for the separation of the contacts, 
and (3) time required for extinguishing the arc. 

In some forms of breakers, (particularly those 
described in this article) relays have been eliminated 
and the circuit breaker is operated directly by the 
short-circuit current. 

The speed of operation of the mechanism is more or 
less definitely fixed by the mechanics of the device, 
and the separation of the contacts occurs at a eee 
time after the trip point is exceeded. 

For alternating-current applications, the ideal 
breaker is one which opens the circuit at the normal 
zero point of the current wave, thereby avoiding 
undesirable voltage transients. Since the separation 
of the contacts may occur at any instantaneous cur- 
rent value, depending upon the magnitude of the 
short-circuit current and the displacement of this 
current wave, the arc-extinguishing system should be 
so porportioned that the current will not be forced 
down too rapidly before a normal zero point is reached. 

This action is usually not difficult to secure because 
at zero current no energy is delivered to the arc and 
it is most easily extinguished at this point. It is pos- 
sible, however, to design high-speed breakers having 
too powerful a blowout or current-rupturing system 
so that when the first short-circuit current loop 
approaches a cycle in duration, and the contacts 
open when the line current is near the peak of the 
wave, the circuit may be opened too rapidly and 
undesirable transient voltages may result. 

It is sometimes assumed that most failures on a 
single-phase 12,000-volt system occur at the peak of 
the voltage wave and, therefore, that the usual short- 
circuit is symmetrical with a duration of a normal 
half cycle for the first current loop. A great many 


Fig. 1. 


A-c. High-speed, 
Breaker without Outdoor Housing 


12,000-volt, 1500-amp., Circuit 


short-circuits however are produced mechanically, 
the conductors coming together at any time so that 
the short-circuit is established at any point on the 
voltage wave. Records obtained during experimental 
investigations using contacts in both air and oil for 
applying short-circuits at 12,000 volts show tran- 
sients having all degrees of displacement of the 
current wave. 
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The duration of the first loop of current is therefore 
frequently less than one-half of a normal cycle. The 
magnitude of the current in such a first loop is not a 
fair indication of the severity of the short-circuit, 
and the breaker does not receive the full tripping 
current or current through the blowout system until 
after the second current loop is reached. 
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Fig. 2. High-speed Air Circuit Breaker in Outdoor House with 
One End Removed to Show Location of Circuit Breaker. 
Location of high-voltage terminals also shown 


The design of a breaker to limit all short-circuits 
to a single loop of current is therefore difficult and, if 
successful, the relatively powerful current-rupturing 
system might reduce the current at a dangerous rate 
when the first loop approaches a cycle in duration. 

It thus appears that the most logical design of an 
alternating-current breaker is one capable of open- 
ing severe short-circuits at the first zero after a 
current loop, having a duration of one-half a normal 
cycle or longer. 


Oil vs. Air-type Breakers 

One method of obtaining high-speed operation is to 
greatly increase the mechanical speed of the con- 
ventional type of oil breaker, so that sufficient arc 
length for the interruption is obtained in the specified 


‘time. This means the exertion of relatively great oper- 


ating forces, either from powerful springs or solenoids, 
with a corresponding increase in the mechanical diffi- 
culties of starting or stopping the mechanism. 

One of the most effective means of rapidly increas- 
ing the arc length is by means of a magnetic blowout. 
By properly directing the magnetic forces exerted on 
an arc stream drawn between the contacts of a circuit 
breaker, the arc can be lengthened at almost any 
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desired rate. The contacts of the breaker therefore 
need only be separated sufficiently to withstand the 
voltage as the circuit is opened by the collapse of the 
arc stream. By applying a magnetic blowout to an 
oil breaker, the necessary contact separation at the 
instant the circuit is interrupted can be greatly 
reduced and a mechanism moving at moderate speeds 
can be utilized. The speed of operation and ruptur- 
ing capacity of developmental switches of this type 
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Fig. 3. 12,000-volt 1500-amp. High-speed Air Circuit Breaker 
Complete with Outdoor Protective Housing Opening , ' 
24,000 amp. (r.m.s.) at 14,000 Volts 


have met expectations. Elimination of oil, however, is 
always desirable where possible. This is particularly 
true for railway applications. 

The feeder network of important sections of electri- 
fied steam-railway systems, where continuity of 
power supply is imperative, requires a relatively large 
number of breakers for proper sectionalizing. On a 
four-track system of this type, the 12,000-volt break- 
ers may average as high as two per mile and the 
maintenance of such a large number is obviously an 
important item in the operating expense. 

The exposure of current-carrying conductors of the 
railway network to the wear and tear of current 
collectors, in addition to conditions common to all 
aerial conductors, results in frequent short-circuits. 
The majority of these failures are to ground, which in 
railway circuits means a line-to-line short-circuit, 
the current being limited by the circuit reactance only. 
Railway circuit breakers are therefore frequently 
called upon to open severe short-circuits. 

If a given circuit breaker opens a circuit repeatedly 
without attention, the oil deteriorates to such an 
extent as to endanger the reliability of the breaker. 
Repeated short-circuits are most likely to occur during 
bad weather conditions when filtration or changing the 
oil is most difficult, particularly in outdoor installa- 
tions. The air breaker is therefore much to be pre- 
ferred for this type of service, assuming that it 1s the 
equivalent of the oil breaker in all other respects. 
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The direct-current air-break circuit breaker has 
demonstrated its ability to withstand repeated short 
circuits without deterioration or objectionable dam- 
age to its contacts. Alternating-current air-break 
breakers of the same general type have, during test 
investigations, withstood 20 or more maximum short- 
circuits repeated at two-minute intervals without 
requiring attention and without deterioration of the 
current-rupturing ability. Breakers of this type, 
Fig. 1, are therefore on a par with the direct-current 
type in this respect. 

On the other hand, the air circuit breaker is not 
ideal in all respects. For instance: 


(1). The air breaker proper is not suitable for 
outdoor mounting, and a protective housing is 
necessary. An air breaker complete with self- 
contained housing suitable for outdoor installations 
is shown in Fig. 2. Fig. 3 was taken by leaving the 
photographic plate exposed while the breaker was 
opening a 24,000-amp., 12,000-volt short-circuit, 
the oscillogram of which is shown in Fig. 7. 

(2). The operation of the circuit breaker on severe 
short-circuits makes somewhat more noise than the 
oil type. . 

(3). The application of the air breaker is at present 
limited to moderately high alternating-current 
voltage circuits. 


Both types of breakers will therefore undoubtedly 
find a field of application on alternating-current 
railway-feeder circuits. 


Magnetic Operating Mechanism 

Practically all direct-current high-speed breakers 
are of the magnetic-tripping type, most designs mak- 
ing use of a flux-shifting principle wherein the flux is 
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Fig. 4. Qonnections of the Tripping Circuit for tze Magnetic 
Type of A-c. High-speed Circuit Breaker 


shifted from a holding armature to a magnetic by- 
pass circuit to release the breaker. The principle of 
operation of the flux-shifting type is well known and 
has been described repeatedly in publications. ” 
Briefly, it consists of a holding magnet energized by a 
direct-current coil across the poles of which a holding 


(?) Tritle, U. S. Re-issue Patent 15.441. “New Ty 
cuit Breaker,” by J. F. Tritle, GENERAL ELECTRIC 
p. 286. 


of High-speed Cir- 
EVIEW, April, 1920, 
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armature is bridged. : Between the poles a tripping coil 
is introduced in such a way that when a current of 
proper polarity is applied the flux is shifted instanta- 
neously from the armature to the core of the tripping 
coil, thereby releasing the breaker. This type of 
mechanism, when tripped under short-circuit condi- 
tions by the line current, furnishes a practically 
instantaneous release by eliminating tripping relays, 
which is a very effective arrangement when maximum 
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Fig. 5. Calculated Current and Flux Curves for Saturated Tripping 
Transformers Used in Connection with the Magnetic Type of 
Mechanism of the A-c. High-speed Circuit Breakers 


speed is desired. The mechanism has been successfully 
applied to both oil and air-type 12,000-volt alternat- 
ing-current breakers. - 

Some means of providing a unidirectional current 
-in the tripping coil of this type of mechanism is 
essential for applications to alternating-current cir- 
cuits. The saturated-current-transformer type of trip 
circuit, as shown in Fig. 4, was adopted for this 
purpose. The tripping circuit is usually designed for a 
current of 5 amp. so that standard current trans- 
formers can be used in the main power circuit. 
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The operation of this trip circuit may perhaps be 
better understood by first considering the phenomena 
responsible for the so-called ‘‘starting current” when 
voltage of proper polarity is suddenly applied to a 
transformer, the core of which is magnetized by 
residual flux. The starting current for the trans- 
former is the result of lowered reactance because of 
over-saturation of the core, the available range in 
flux in one direction having been reduced because of 
the initial residual flux. 

The transformers used in the tripping circuit are of 
normal current-transformer design. When there is no 
alternating-current through the windings, the flux 
in the cores of these transformers is maintained near 
the saturation point by direct current through one 
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Fig. 6. Operating Mechanism of the Air-break 12,000-volt 
A-c. High-speed Circuit Breaker 


-of the windings of each transformer, this current 


being the same as that used for the holding coil of 
the circuit breaker. 

The connections are such that when current of 
given direction is passed through the primary winding 
of both transformers, such as during the first half 
cycle of an alternating-current short-circuit, it exerts 
a magnetomotive force to increase the flux in the core 
of one transformer and to decrease the flux of the other 
transformer simultaneously. 

Since the cores of both transformers are initially 
satyrated in opposite directions, the decreasing flux in 
one transformer generates a considerable secondary 
voltage, whereas the transformer in which the flux is 
increasing generates only a slight secondary voltage 
because of saturation in the core. The secondary 
voltages of the two transformers are connected in 
opposition around the tripping-coil circuit. and the 
resultant unbalanced voltage circulates current around 
the circuit formed by the trip coil, transformers, and 
resistors as shown by the current curve in Fig. 5 (b). 

No matter what the direction of the primary cur- 
rent, one transformer will be active on the first half 
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cycle, the polarities being such that the current 
impulse through the trip coil is always in the same 
direction. The phenomenon is transient and the 
unidirectional current is not maintained under steady- 
state conditions. 

This arrangement does not provide a steady over- 
load trip point so that standard type of overcurrent 
relays are usually included for this purpose. The high- 


Fig. 7. Oscillogram of “OCO” Short-circuit Test at 14,000 Volts, 
24,000 Amp. (r.m.s.) on 12,000-volt Air-Type High-speed 
Circuit Breaker 
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Fig. 9. Oscillogram of 12,000-volt, 2700-amp (r.m.s.) Short-circuit 
Test on Air Circuit Breaker 


speed trip functions only in case of a short-circuit or 
heavy overload that results in a suddenly increasing 
line current. 

Any of the usual types of relay protective systems 
may be used in conjunction with the high-speed trip. 


Description of the Air-break Circuit Breaker 

Photographs of a 12,000-volt, 1500-amp. single- 
phase air-break circuit breaker are shown in Figs. 1 
and 2. A drawing of the principal parts of the mech- 
anism is shown in Fig. 6. The armature, which is held 
in the closed position by a holding coil and released 
by a wire-wound trip coil inserted between the poles 
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of the holding magnet, is shown connected to the main 
high-voltage contact arm through insulated pull rods. 

The high-voltage contact arms are operated entirely 
through suitable insulating pull rods, the mechanism 
being grounded. The circuit breaker as a whole con- 
sists of two sets of contacts and arc chutes which are 
connected in series, the moving contact arms being 
connected together by a suitable bus so that they form 


Fig. 8. Oscillogram of “OCO” Short-circuit Test at 12,000 Volts, 
22,000 Amp. (r.m.s.) on 12,000-volt Air Circuit Breaker 
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Fig. 10. Oscillogram of a 3700-amp. (r.m.s.) 12,000-volt Short- 
circuit Test on an Air-break Circuit Breaker 


in effect a bridging contact similar to that used in 
oil circuit breakers. 

There are two sets of springs: the main springs, 
operating directly on the armature for opening at 
high speed; and a second set attached to the pull 
rods at the bottom of the arm exert the contact 
pressure. 

The mechanism is inherently trip free, the opera- 
tion being as follows: 

Resetting is accomplished by means of a motor- 
operated cam. The first movement of the cam oper- 
ates the lever attached to the pull rods at the bottom 
of the contact arms, rotating these arms about the 
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top bumper as a fulcrum. The holding armature is 
pulled to the closed position by the main pull rods, 
attached between the center of the contact arms 
and the bell cranks on the armature shaft. This 
armature is latched as the peak ®f the cam is reached 
without reducing the gap between contacts. Further 
movement of the cam allows the bottom springs to 
rotate the contact arm to the closed position around 
the top pull rods as a center. 

The bottom of the arms, when opening on short 
circuits, is held approximately stationary by the 
weight of the parts attached at this point. In the 
event the breaker is closed on a short circuit, the 
mechanism therefore operates the contacts at full 
speed regardless of the fact that the rollers have not 
yet left the cam surface. 

The high-voltage circuit through the Brcaites iS 
practically direct, entering on one side through series 
blowout coils, one end of which is connected to a 
stationary contact. The circuit is completed through 
the moving contact and arm and another set of series 
blowout coils from which the connection is made to 
the second contact mechanism, a duplicate of the 
first. 

When the contacts separate under short-circuit 
conditions, the arc is drawn on the arcing horns and 
detached blowout coils are cut in successively as the 
arc travels along these horns. The general arrange- 
ment of the blowout coils, arc suppressor plates, 
arcing horns etc., is the same as that used on standard 
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Fig. 11. Curves Taken from Oscillogram in Fig. 7 Showing Kilowatts 


Dissipated in the Arc Chute of Air Circuit Breaker During 
a Short-circuit Test at 14,000 Volts 


designs of 3000-volt direct-current breakers, with the 
exception that a greater number of blowout coils are 
used and the arc chutes are designed to permit a 
considerably longer arc. 

A new feature which is introduced in this breaker 
consists of high-resistance arcing horns made from a 
special material and designed to absorb a considerable 
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voltage as the arc is forced along them under the 
action of blowout coils. These arcing horns are effec- 
tive in reducing the energy in the arc stream and in 
reducing the flame and noise of the breaker when 
opening under short-circuit conditions. 

Some typical oscillograms obtained during short- 
circuit tests, including tests at 14,000 volts, single 
phase, 25 cycles are shown in Figs. 7 to 10 inclusive. 
The curves in Fig. 11, were plotted to show the cur- 
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Fig. 12. 


rent, voltage, and power relations during a short- 
circuit test of 14,000 volts. It is interesting to note 
that the energy is liberated in the arc chute at a maxi- 
mum of 200,000 kw. 

The speed of operation of the mechanism taken 
with a mechanical speed recorder is shown by the 
curve in Fig. 12. It will be noted that a total tip gap of 
more than 6 in. (two contacts in series) is reached in 
slightly less than the time required for a normal 
half cycle (of 25 cycles) after the trip point is exceeded. 


Current-rupturing Tests on Air Breaker 

This breaker has successfully opened a current of 
24,000 amp. (r.m.s.) at 14,000 volts repeatedly. A 
series of twenty ‘‘OCO”’ tests at 12,000 volts, 22,000 
amp. (r.m.s.) were made at two-minute intervals 
without examination or attention of any kind to the 
circuit breaker. A single contact and arc chute of this 
type of breaker, equivalent to one half the standard 
12,000-volt breaker has opened a maximum current of 
41,000 amp. (r.m..s.) at 7000 volts repeatedly, both 
the tests at 14,000 and 7,000 volts being the maximum 
available at the time the tests were conducted. 
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Selective Operation of the High-speed A-c. Breaker 

Selective operation is essential for high-speed 
alternating-current breakers applied to railway feed- 
ers. Under all short-circuit conditions, the high-speed 
feeder breakers should isolate defective feeder sections 
between substations without disturbing the power 
flow to adjacent inter-connected sections. 
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Fig. 13. Differential Circuit for Selective Operation of Four 
Magnetic-type High-speed Circuit Breakers Applied to a 
12,000-volt Trolley Feeder Network 


The connections shown in Fig. 13 are utilized for 
obtaining selective operation where the unidirectional- 
current impulse type of trip is used. Advantage is 
taken of the unidirectional-trip circuit in a differential 
connection. The tripping circuits of all breakers are 
connected to a common bus in such a way that the 
trip current circulating through any trip coil must 
return either through the trip coils of parallel breakers 
or the saturating resistor. When the current is in- 
creased simultaneously through all breakers feeding 
the feeders in a given direction from the substation, 
the tripping current for all of these breakers must 
pass through the saturating resistor, because equal 
voltages are generated by the trip circuits of each 
breaker. The current required for tripping all of the 
circuit breakers under this condition is much higher 
than when the current is increased through one 
breaker only. By selecting a proper value for the 
saturating resistor, the current necessary for operation 
with a simultaneous current increase through all 
breakers can be made higher than the exchange 
current over the trolleys between substations in case 
of internal short-circuit in one substation. 

If the current is suddenly increased in one breaker 
only, by a short-circuit on one feeder, tripping current 
is supplied to the breaker on the faulty feeder, this 
current returning through the coils of the remaining 
breakers and assisting to hold them closed. The 
tripping current for the breaker involved is consider- 
able less than when all breakers carry current, because 
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of the lower impedance of the return circuit for the 
tripping current. 

A simplified diagram showing breakers located in a 
typical feeder network is shown in Fig. 14. 

The operation of fhe breakers under typical short- 
circuit conditions, with connections as shown in 
Fig. 13 is as follows: 


(1). Feeder Short-circuits 


In the event of a short-circuit on a feeder between 
substations, the breaker supplying this feeder carries a 
current considerably in excess of that of the parallel 
breakers, for the parallel breakers carry only the 
exchange current between substations. Tripping 
current is supplied to the trip coil of this breaker, 
operating it, some of this current returning through 
the trip coils of the parallel breakers in reverse direc- 
tion for tripping and thus assisting in holding them 
closed. 

In the event of a feeder short-circuit deai in 
front of one substation, all of the breakers in the 
distant substation carry equal currents until after the 
breaker in the nearby substation opens. The short- 
circuit current is removed from all but one of the 
breakers at the distant station by the operation of 
the nearby breaker that directly feeds the short- 
circuit. The remaining distant breaker is the one that 
is connected to the faulty feeder. The current through 
this breaker is suddenly increased because of the 


High Voltage 
Transmission Line 


dee h 


former 
Standard Oil Circuit Breaker —-( 


Sub station 
us 


High Speed 
( ( Feeder Breakers 


Fig. 14. Simplified Diagram of a Typical High-speed Breaker 
Installation on a 12,000-volt Railway Feeder Network 


removal of the heavy short-circuit current from the 
high-voltage transmission line and this breaker is 
operated, clearing the remaining short-circuit. 


(2). Substation-bus Short-ctrcurt 


In the event a short-circuit occurs on the bus at a 
substation, all breakers interconnecting the two 
substations carry equal exchange currents. These 
breakers are therefore not operated by the high-speed 
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trip, and the bus is isolated by the operation of a 
standard type of differential relay which opens all of 
the breakers connected to this bus. The feeders 
between substations are fed from the distant station 
and are not de-energized. 

(3). In the event a short-circuit occurs in the step- 
down transformer or in the high-tension line, the 
feeder breakers between the faulty substation and 
adjacent substation carry equal exchange currents 
and therefore do not receive a sufficiently high 
tripping current to operate. The faulty transformer 
or high-voltage line is disconnected from the bus 
by the operation of a standard differential relay 
around the transformer or by reverse-power relays 
in case of a high-voltage-line short-circuit, both 
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of which operate a circuit breaker on the low-voltage 
side of the transformer. 


Conclusion 

The development of both air-break and oil-break 
12,000-volt alternating-current high-speed circuit 
breakers having an operating speed comparable to 
that of the direct-current type makes possible the 
same degree of selectivity and protection on alter- 
nating-current electrified systems as has been ob- 
tained for a number of years on equivalent direct- 
current systems. 

It is expected that this type of breaker will be 
particularly beneficial in minimizing inductive inter- 
ference in signal and communication circuits. 


Mammoth Tramway to Span Western Canyon 


MAMMOTH electric tramway, by far the 
A largest of its type to be built in this country, 
has been recently erected by the Michigan- 
California Lumber Company at Camino (Calif.). The 
tramway will be used to carry lumber a distance of a 
half mile across a canyon, and it is expected that the 
installation will be very spectacular in operation be- 
cause of the heavy weights, high speeds, and distances 
involved. 

A single tram carrier, carrying a rail car loaded 
with a maximum of 24,000 lb. of sawed lumber (a 
maximum gross weight of 2Q tons) will pass between 
two loading terminals on opposite sides of the canyon. 
The distance between terminals is approximately 
2700 ft., the depth of the canyon is 1200 ft., and the 
maximum speed of operation will be 1800 ft. per min., 
or a little over 20 miles per hour. The carrier will 
make a round trip in a little over six minutes, includ- 
ing the 200 sec. required for loading and unloading. 
The equipment will be capable of handling this cycle 
continuously. Four steel cables, each two inches in 
diameter, will support the tram carrier which will run 
on 32 wheels. The traction rope will be endless and 
will be one inch in diameter. 

The electrical equipment consists, principally, 
of two 225-hp. wound-rotor intermittent-duty hoist 
motors, operating mechanically and electrically in 
parallel, and controlled through suitable primary and 
secondary magnetic-contactor panels. A single man- 
ually-operated master controller will govern both 
motors. The two motors are geared to two large 
sheaves, each eight feet in diameter, which will engage 
the traction rope. Each motor is equipped with a 
motor-mounted brake. Momentarily, the two motors 
will be able to exert a combined output of 800 hp. 
and, for short periods, most of this capacity will be 
required. 

Stopping the carrier at either terminal will normally 


be accomplished automatically, in four graded steps, 
by means of a geared limit switch. After being so 
stopped at either end, the carrier will be brought to 
the final position. This will require accurate spotting 
in order to roll off the loaded rail car, and the final 
spotting will be done by an operator located at each 
terminal, using an “inching” push-button. 

The motors and power plant are located at one 
side of the canyon, and the carrier will be started and 
accelerated by the operator handling the main master 
switch located on the motor or power side of the 
canyon. The necessity for inching the load to its final 
position on either side of the canyon by operators 
located on either side, 2700 ft. apart, made it neces- 
sary to provide for the transfer of the control back 
and forth across the canyon, with a red and green 
signal light system and proper interlocking of the 
control circuits for safety reasons. 

The entire equipment will operate under both over- 
hauling and motoring loads at different times during 
the cycle of operation. For example, as the 29-ton 
loaded carrier descends into the sag of the supporting 
cables—approximately 135 ft. at the middle of the 
span—the motors will act as generators for the purpose 
of limiting the speed. At other times, when ascending 
into the terminals, maximum motoring power will 
be required. For this reason, special provision is 
made in the control equipment to prevent high 
speeds under overhauling loads. With electric power 
connected, the motors cannot, after starting, be 
operated with secondary resistance in the circuit for, 
were they so operated, they would gain excessive 
speed. Solenoid brakes are provided to act, should 
the power fail, when the 29-ton loaded carrier is about 
to descend into the sag or when otherwise needed. 

The tramway will also be used, on occasion, as a 
man carrier, as it will often be necessary to transport 
men across the canyon during operations. 
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Characteristics of Photo-electric Tubes . 


Relation Between Light and Current—Small and Large Tubes of Vacuum and Gas-filled Types 
Investigated—Characteristic Curves of Light, Current, Sensitivity, and Gas Pressure 
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tube is the definite relation that exists between 

the intensity of light falling upon the tube and 
the amount of current that a constant voltage will 
force through the tube.) Elster and Geitel, Lenard, 
Ladenburg, Hermann, Richtmyer, and many others 
have performed experiments leading to the conclusion 
that the relation is almost linear. Others, including 
Ives, Dushman and Karrer, Hughes, Richardson and 


Ta most useful property of the photo-electric 


Fig. 1. Contour of the Photo-electric Tubes Investigated 
(Except the one shown in Fig. 8) 


Compton, and Kunz have concluded that the relation 
is not linear, or at least is so only for special types of 
construction or under special conditions. 

The results presented in this article show that with- 
in certain limits of voltage and illumination intensity 


the relation is a linear one for the types of tubes- 


studied. The tubes were set up in a dark room on a 
photometer bench and the light intensity varied by 
changing the position of the test lamp. The tube was 
placed in the position ordinarily occupied by the 
photometer head. A diaphragm with a circular open- 
ing one inch in diameter was placed in front of the 
tube. The test lamps employed were of the 120-volt 


(1)A general description of the construction of the photo-electric tube, 
and an explanation of its performance with respect to the color of the 
incident light, the particular alkali metal coating used, and the type of tube 
(whether vacuum or gas-filled) were contained in the article, ‘‘The Photo- 
electric Cell,” by L. R. Koller, GENERAL ELECTRIC REVIEW, July, 1928, p. 373. 


gas-filled flood-lighting type and were of 250- and 
1000-watt rating. Under these conditions, the inverse- 
square law could be assumed since the distance be- 
tween lamp and tube was large compared with the 
dimensions of the filament and the diaphragm. The 
distance between lamp and tube was varied from 
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Fig. 2. Light-current Curves for Several Values of Voltage 
Applied to the Small Vacuum Tube 
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Fig. 3. Characteristics of the Small Vacuum Tube for a Range of Light 
Intensities Higher Than That Represented in Fig. 2 


aol; 


eighteen to four feet. The range of intensities ran 
from 1 to 400 foot-candles, and the voltages applied 
to the tubes ranged from 22l% to 206 volts. 

Figs. 2 to 6 show the light-current relation for four 
tubes of the type of construction shown in Fig. 1. 
These tubes are spherical glass bulbs with silvered 
inside surface upon which a monatomic film of 
caesium is deposited, the caesium and silver serving 
as the cathode.* The anode is a pair of wires projecting 


*A paper on the photo-electric behavior of monatomic caesium films 
will be published soon by Mr. Kenneth T. Bainbridge, of Princeton Uni- 
versity. 


into the bulb to its center. Two of the tubes were 
21% in. in diameter with a 1)4-in. window. The anode 
leads carried at their tip a small nickel disk ) in. in 
diameter. Two other tubes were 7 in. in diameter with 
6-in. windows and anode disk ) in. in diameter. One 
large tube and one small tube were high-vacuum 
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Fig. 4. Light-current Curves for a Gas-filled Tube That is Otherwise 
Identical to the One Concerned in Figs. 2 and 3 
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Fig. 5. Characteristic Curves of the Large Vacuum Tube 


tubes. The other two were filled with argon at pres- 
sures of 0.020 and 0.040 mm. respectively. 
Consideration will first be given to the data for the 
small vacuum tube, as shown in Fig. 2. For the three 
higher voltages the curves are linear and all have 
practically the same slope. The 22)4-volt curve de- 
parts markedly from a straight line at the lower in- 
tensities, where the slope becomes steeper. At the 
higher intensities, the slope again approaches the 
normal value. Fig. 3 shows the characteristics of the 
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Fig. 7. Characteristic Curves a? a Small Gas-filled 
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same tube at light intensities up to 300 foot-candles. 
The curves remain linear with the same slope and do 
not indicate the approach of a saturation condition at 
the high intensities. 

Fig. 4 shows similar curves for a tube of identical 
construction but containing argon at a pressure of 
about 0.040 mm. Under the same conditions of 
illumination and voltage, this tube permits fivetimes as 
great a current flow due to the ions produced by the 
collision of the gas molecules and the photo electrons. 
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Identical to the One Concerned in Fig. 5 
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At low voltages the relation is linear over the range 
tested, but at 90 volts the curve rises more rapidly 
for illuminations beyond approximately 50 foot- 
candles. 

Fig. 5 shows the results of similar measurements 
made on the vacuum seven-inch cell using the same 
size diaphragm and no diaphragm. In the tests when 
the diaphram was used, the sensitivity is slightly 
higher than in the case of the small vacuum tube but 
the curve is linear over the same range. The difference 
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in sensitivity is probably due to the fact that the 
number of internal reflections was not the same in 
both cases as the light was introduced into the large 
tube somewhat off center to avoid striking the anode. 
Without the diaphragm the curve is still linear, and 
the slope remains unchanged. The current is larger 
in the ratio 33.7 to 1, in fair agreement with the 
relative areas of the diaphragm and the tube window 
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Fig. 9. Voltage-current Curves of a Gas-type Cell with 
Different Gas Pressures 


which were in the ratio of about 1 to 36. The edge 
of the tube window is not sharply defined, making 
a precise calculation difficult. 

Fig. 6 shows the light-current relations for the large 
tube which is of the same construction but which 
contains argon at a pressure of 0.020 mm. These 
curves show that the gas produces a three-fold in- 
crease in sensitivity. They are linear over the same 
wide range of intensities, except where the 90-volt 
curve begins to curve upward at intensities above 
100 foot-candles. 
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Fig. 10. Pressure-sensitivity Curves (in full) and Pressure-glow-voltage 
Curves (dotted) of a Gas-type Tube 


Fig. 7 shows the relation for a small gas-filled tube 
of the parallel-plane type of construction that is shown 
in Fig. 8. The cathode is a flat silver plate 5¢ in. by 134 
in. coated with a monatomic film of caesium, while 
the anode is a wire loop of the same dimensions parallel 
to the plate and about 4 in. from it. The measure- 
ments were not carried above 45 foot-candles, but 
within that range the current was very nearly pro- 
portional to the illumination. 

If a law of direct proportionality were followed, 
the slopes of the lines would be unity. There is a 
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slight, but not systematic, deviation from this value. 
The relation can best be expressed by the formula 
+= KI" 
4=photo current in micro-amperes 
K =a constant 
n=a constant 
I =illumination intensity in foot-candles. 


where 


The values of n for the curves in Figs. 2 to 6 are 
given in Table I. The average value differs from 
unity by an amount well within the limits of experi- 
mental error, showing that for tubes of this type oper- 
ated at the voltages given and using a small dia- 
phragm the photo current is proportional to the 
light intensity. 
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Fig. 11. Pressure-sensitivity Curves at Various Percentages 
of Glow-voltage 


Fig. 9 shows the effect of variations in gas pressure 
on the sensitivity of a caesium tube under constant 
illuminating conditions. The tube was of the 2)4-in. 


TABLE I 
Fig. Tube Volts Applied n 
2 Small, 195 0.933 
Vacuum 105 0.949 
s 67.5 0.944 
3 Small, 206 1.01 
Vacuum 90 0.95 
4 Small, 90 1.02 
Gas-filled 45 0.99 
5 Large, 90 1.06 
Vacuum 22.5 1.10 
6 Large, 67.5 1.01 
Gas-filled 22.5 0.982 
8 Parallel-plate, 90 1.04 
Gas-filled 45 1.04 


Average 1.005 


spherical type; and the various pressures of argon 
were introduced while the tube was still on the pump- 
ing system. It was illuminated by a 60-watt vacuum 
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lamp operating on 120 volts at a distance of 6 in. 
from the tube. A diaphragm with a one-in. opening 
was placed directly in front of the tube. A volt-ampere 
curve was taken for each pressure. From Fig. 9 it 
can be seen that as the pressure is increased the curve 
is first displaced upward (indicating higher sensi- 
tivity) and the slope becomes steeper. The maximum 
sensitivity is reached at a pressure of about 0.075 mm. 
As the pressure is further increased, the sensitivity 
and the slope of the curves decrease again. The 
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pressure giving the highest sensitivity is not always 
the most desirable for operation on account of the 
steep slope and consequent instability of the tube. 
The glow voltage under these conditions passes. 
through a minimum at 0.25 mm. 

Fig. 10 gives the relation between glow voltage and 
pressure, and sensitivity (at a fixed voltage) and 
pressure. . 

In Fig. 11 sensitivity at a definite percentage of 
glow voltage is shown as a function of pressure. 


Interest Revives in Trackless Trolleys 


bus is foreseen in the decision of the Manila 

Electric Company of Manila (P. I.) to add to 

its rolling stock eight trolley buses of a new design. 

These have been built for that city by the Twin 
Coach Company of Kent, Ohio. 

One of the principal factors contributing to the 

present interest is the new street-car type of body now 


A REVIVAL of interest in the trackless trolley 


bus point out that electric power is much cheaper 
than gasoline, thus giving a distinct advantage to the 
former where definite routes are already established. 

The trolley buses for Manila are the first of the 
new design. The drive used consists of two 35-hp., 
600-volt motors and multiple-unit foot-operated 
control in connection with 11-to-1 worm gearing and 
38-in. tires. 


a One of the New Trackless Trolley Buses 


being introduced by bus builders. Another important 
element is the fact that, in some cities where tracks 
are being removed, the overhead construction can 
easily be adapted to the operation of trolley buses. 
The improvement in body design is traced to the 
popularity of gas-electric drive. The standard design 
of gas-electric bus can be converted to a modern trolley 
bus by eliminating the gasoline engine, generator, and 
250-volt motors ordinarily employed and substituting 
an overhead collector, foot-operated control and two 
600-volt motors. Proponents of the trackless trolley 


The Manila Electric Company has been operating 
trolley buses for a number of years and is convinced 
of their desirability, and the reports of other cities 
using this type of vehicle (Rochester and Cohoes, 


. New York) indicate that the trolley bus is médst 


economical and reliable in operation. 

The trolley bus has the advantage of being able to 
maneuver eight or nine feet on either side of the 
overhead trolley, thus allowing it to go around 
obstructions or to pull up toward the curbing. This 
tends also to reduce accidents. 
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Low-voltage A-c. Networks 


PART VI: PROTECTION 


By D. K. BLAKE 


Central Station Engineering Department, General Electric Company 


America consisted of a few single-phase trans- 
formers connected to a common secondary 
grid of single-phase three-wire 115/230-volt mains. 
The transformers of any given network were con- 
nected to one particular feeder. The protective equip- 
ment consisted of the usual primary fuse cutout with 
the addition of a fuse in the secondary circuit. The 
secondary fuses were sometimes connected in the 
transformer secondary, sometimes in the secondary 
mains and sometimes as a combination of both 
methods, as shown by (a), (b), and (c), respectively, 
in Fig. 28. This practice has been abandoned by most 
companies because of the difficulties and uncertain- 
ties of fuse operations. It is a very difficult matter to 
obtain selective operation of fuses. Thus, when a fault 
occurred a large proportion or even all of the fuses 
would blow. It was then necessary (especially in case 
(a) in Fig. 28) to replace a large percentage of the 
fuses simultaneously, otherwise the overload would 
blow an individual fuse as soon as it was inserted. 

One company claims successful operation of the 
method of fusing shown in Fig. 28 (c) with the trans- 
former secondary fuses designed to blow at 150 per 
cent load; and the fuses in the secondary mains blow 
at 200 per cent of the rating of the smallest adjacent 
transformer. It is probable that most difficulty with 
fuse protection is due to the attempt to fuse for over- 
load values instead of short-circuit values. Some 
cases are cited where the fuses for short-circuit con- 
ditions give reliable performance. 

Several years ago an effort was made to obtain 
selective operation by means of a fuse-type network 
protector illustrated diagramatically in Fig. 29. The 
coils A, B, C, D, and E are wound on the same iron 
core. The arrows indicate the flow of current with the 
transformer carrying load. The ampere-turns of B 
and C are equal and their sum is equal and opposite 
to the ampere-turns of A. They, therefore, have no 
magnetic effect on the iron core. In coils D and E 
the current enters at the center and divides equally. 
Since the turns are wound in the same direction in 
each coil, the ampere-turns of one half neutralize 
the ampere-turns of the other half. Under normal 
conditions, the core is not excited and no voltage is 
generated in coils D and E. If a breakdown or short 
circuit should occur in the transformer the current 
through B and C will be reversed. Under this con- 
dition the ampere-turns of A, B, and C act in the 
same direction and produce a magnetic flux in the 
iron core. The flux in the core induces a voltage in 


Ts early form of a-c. network systems in 


coils D and E. The voltages across these coils are 
short circuited through the fuse links. The large cur- 
rents which circulate through 1-2-3 and 4-5-6 blow 
the fuses almost instantaneously, thereby discon- 
necting the secondary of the transformer from the 
network. The primary fuses blow practically simul- 
taneously with the secondary fuses. The cost of this 
device prevented its extensive use. 
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Fig. 28. Methods of Connecting Fuse Cutouts for the 
Protection of A-c. Network Systems 


The foregoing methods of protection were limited 
to networks supplied from one primary feeder. They 
would be further unsuitable for two or more feeders 
because of the added selectivity required and the 
large number of fuses to be replaced after a primary 
feeder fault. 

The present application of low-voltage a-c. net- 
work systems in high load density areas requires two 
or more primary feeders so that no interruption to 
service is incurred when a primary feeder fails. It is 
therefore necessary to consider the application of 
schemes utilizing automatic circuit breakers in combi- 
nation with suitable relay equipment. The protective 
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schemes now in use may be divided broadly 
into those having the principal protective equipment 
in the primary feeders and those having the principal 
protective equipment in the secondary side of the 
transformers. In both types the primary cables and 
distribution transformers are protected in combina- 
tion. These protective schemes may again be divided 
into those having loop primary feeders and those 
having radial primary feeders. 

The loop primary feeders utilize the well-known 
method of sectionalizing the feeder by means of auto- 
matic oil circuit breakers. Two such systems use 
pilot-wire protection between breakers and another 
uses reverse-power relays in combination with over- 
load relays. It is well known that the overload 
verse-power relay equipment is limited to cases 
where the number of sections or breakers in a loop 
are small because of the high overload relay settings 
necessary for selectivity. The pilot-wire protection 
permits the use of any number of sections or breakers 
and is, therefore, particularly suitable for high-volt- 
age circuits which have to be long in order to pick up 
sufficient load. 

One large system uses a high-voltage breaker for 
each transformer and cable section, as shown in Fig. 
30. The oil circuit breaker and transformer are 
located in the same vault. The connection of the pro- 
tective circuit is shown in Fig. 31. Relays are not 
used; but instead the a-c. trip coil is direct connected 
to the pilot-wire circuit. When conditions are normal, 
the load current sets up in the pilot wire a current 
which circulates between the pilot wire and current 
transformer secondaries, but none circulates through 
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Fig. 29. Diagram of a Circuit Providing Selective Operation 
of a Fuse-type A-c. Network Protector 


the trip coils. If a fault occur in the distribution trans- 
former or in the high-voltage cable, current will flow 
into the fault from the adjacent sections and from 
the secondary network. Under these conditions the 
current set up in the pilot-wire circuit does not cir- 
culate as before but divides between the two trip coils 
and operates the breaker. The fuses in the trans- 
former secondary are depended upon to clear the 
transformer from the network. Selectivity between 
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fuses is expected to be good in this case because they 


are selected for short-circuit values; and the supply 
from four directions reduces the current in adjacent 
transformer fuses to a safe value for selectivity. In 
this scheme a single primary fault involves only one 
cable section and one transformer so that fuse re- 
placement is not difficult or objectionable. 

The pilot-wire protective system requires particu- 
lar attention to the ratio of current transformers, 
size of pilot wire and the volt-ampere characteristic 


Fig. 30. Network Protection on a Large System Through the 
Use of High-voltage Circuit Breakers 


of the a-c. trip coils. In order to balance the secondary 
currents in the pilot-wire circuit at a particular load, 
the ratio of the current transformers B must be 
selected to be equal to the ratio of the current trans- 
formers A times the ratio of the distribution trans- 
former. Suppose the ratio of A is 60:1 (300/5 amp.) 
and the distribution transformers 10:1 (2300/230 v.); 
then current transformer B must be 600:1 (3000/5 
amp.). If the transformers have a 13,800-volt pri- 
mary then the secondary current transformers must 
be 3600:1 (18,000/5 amp.). If the two secondary leads 
of a single-phase transformer can be looped through 
the opening of a bar-type current transformer, the 
ratio may be cut in half i.e., 1800:1 (9000/5 amp.). 
The current transformers must also have similar 
characteristics throughout the operating range. The 
reason for this is illustrated in Fig. 32, which shows 
the curves of two current transformers with secondary 
current as ordinates plotted against primary current 
abscissa. At x value of primary current the secondary 


current of transformer No. 1 is represented as a, and 


that of transformer No. 2 as b. The unbalance current 
due to the difference in characteristics will be a— 6 and 
will divide and flow through the trip coils or relays. 
The trip coils or relays, therefore, must be set high 
enough to prevent operation on such short-circuit 
currents flowing through sections not in trouble. 
Trip coils or relays require a certain volt-ampere 
value to operate the breaker latch or to close con- 
tacts. Suppose a circuit breaker is used that requires 
a trip coil of 80 volt-amperes rating to trip the latch 
and that the coil is wound for five amperes trip. Then 
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the required voltage is 16 volts. Now if a short circuit 
develops in one section, the current in the pilot wires 
of the other sections will produce a voltage drop 
which is applied across the trip coils. If the impedance 
of the pilot wire is sufficient to give a 16-volt drop, 
five amperes will flow through the trip coils and trip 
the breakers on the sections not in trouble. If the trip 
coils are wound for two amperes trip value, 40 volts 
impedance drop would be permissible in the pilot 
wires. It is evident, therefore, that the design of a 
pilot-wire protective system requires the codrdina- 
tion of current transformers, pilot wires, and trip 
coils or relays. 

The type of protection generally used consists of 
radial-type primary feeders with air circuit breakers 
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Fig. 31. The Pilot-wire Protective Circuit 
Used in Connection with the Circuit 
Breakers of the System Shown 
in Fig. 30 

connecting the transformers to the network in the 
manner shown in Fig. 33. No high-voltage protective 
equipment is used. This permits feeder voltages of 
any value to be used without requiring the devel- 
opment of high-voltage subway equipment. The 
cables and transformers are the only high-voltage 
equipment except the grounding and disconnecting 
switches sometimes installed as a part of the trans- 
former. The chief value of a disconnecting switch is 
in providing ease of phasing out the circuits during 
installation and repair work. The 2300-volt or 4000- 
volt radial circuits installed previous to the forming 
of the network retain the oil fuse cutouts, but with a 
copper strap replacing the fuse links. These cutouts 
are used for disconnecting purposes. The reduction 
to a minimum of high-voltage equipment no doubt 
accounts for the popularity of this protective scheme. 

The air circuit breaker is electrically operated and 
controlled by the relay equipment. The combination 
of relay equipment and circuit breaker is referred to as 
an automatic network protector. The device is made 
automatically reclosing to eliminate the necessity of 
going to so many transformer locations to restore the 
feeder and transformers to service. Some are also 
likely to be overlooked if they were manually operated. 

The protective function of the relay is to open the 
protector when a fault occurs in the distribution 
transformers or primary cables. The circuit is cleared 
from the system in the usual way by the oil circuit 
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breakers at the substation. The network relays are of 
the reverse-power type and are applied to trip only 
in the event of energy flowing from the network to 
the transformer. The relays used for short-circuit 
protection are used also to function as remote-control 
relays when it is desired to switch a feeder into or 
out of service. This is accomplished by designing the 
reverse-power relay so that it will trip on reverse 
energy values lower than the exciting currents of the 
distribution transformer. Thus, if the feeder oil cir- 
cuit breaker of feeder No. 1 in Fig. 33 is opened, then 


-all of the transformers of that feeder will be discon- 


nected from the network by the transformer exciting 
currents operating the relays to trip the protector. 
Similarly, when the feeder breaker is closed the same 
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Fig. 33. Diagram Showing the Use of Auto- 
matic A-c. Network Air Circuit Breakers 
on the Low-voltage Side of Trans- 
formers 


relays will function as reclosing relays. Because of 
the fact that the relays will operate on such low values 
as the transformer exciting current, it is necessary 
that the protector be prevented from reclosing unless 
the transformer voltage be higher than the network 
voltage, and have the proper phase relation. If this 
were not done the protector would trip and reclose 
periodically (an operation called “‘pumping’’) until 
the transformer voltage should become higher than 
the network voltage. The relays control the reclosing 
by measuring the voltage across the contacts of the 
protector when it is open. The voltage existing across 
the contacts of the open protector is the vector differ- 
ence of the transformer and network voltages. When 
this voltage is in the proper direction the relay re- 
closes the protector, for the transformer voltage will 
then be high enough and in the proper phase relation. 
Thus, the network relays not only give short-circuit 
protection but will also trip the protectors when the 
feeder breaker opens and will reclose the protectors 
when the feeder breaker is closed. 

Some engineers consider the feature of tripping on 
transformer exciting current undesirable because of 
the frequent operations caused by elevator loads 
feeding back during light-load periods. They intend 
to use higher reverse-power settings such as 25 per 
cent to 100 per cent full load. When this is done the 
reclosing may be accomplished without such an 
accurate check on voltage conditions. 


(To be continued) 
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Industrial Electric Heating 


PART VI 
THE SINGLE-PHASE ARC FURNACE 


By N. R. STANSEL 


Industrial Engineering Department, General Electric Company 


HE single-phase arc furnace is in wide use for 
melting in the non-ferrous metal industry. 
Gillett’s® estimate (as of February 1927) gives 
111,300,000 kw-hr. as the annual consumption of 
energy by this type of furnace in that industry in the 
United States and Canada. 
Several forms of the single-phase arc furnace have 
been developed and placed in service. However, the 
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With the exception of the atomic-hydrogen arc 
used for.welding, the carbon arc is our hottest arc. 
Various investigators give different values as the 
temperature of the carbon arc. The value given in 
Table XXIV and the temperatures of some metal 
arcs in this table were selected by Compton.) The 
arc makes possible the concentration of a large 
amount of power in a small space. Part of the heat 
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Fig. 84. Sectional View of a Single-phase Arc Furnace 


only form of construction which has found extensive 
use is illustrated in Fig. 84. This construction consists 
of a horizontal, cylindrical steel shell with a refractory 
lining and with horizontal carbon electrodes along 
the axis of the cylinder. The arc is formed between 
the electrodes and above the charge of metal. Thus 
the heat is developed within the chamber, a primary 
merit of electric heat. 


(1) Twenty-five years of Non-ferrous Electrothermics,’’ Trans. Amer. 
Electochem, Soc., April, 1927. 

Sombra: "ihe Electric Arc,” A.J.E.E. Journal, Vol. 46 (1927), 
p. ; 


developed by the arc is transferred by radiation 
directly to the charge below and the remainder to 
the furnace walls from which part of the energy is 
re-radiated to the charge. While the average tem- 


perature of the furnace is below the temperature 


of the arc, the temperature gradient to the charge is 
TABLE XXIV 


Electrodes Arc Temperatures 

Carbon ti. Fetes oe Bae eee 3413 deg. C. absolute 
TONPSCEN pea: 4hc ceri ecm ees Sats eet 3000 deg. C. absolute 
Done aeaa cited arene ta adn eee 2430 deg. C. absolute 
NICK Glide bo ol Sets Peale ace he 2365 deg. C. absolute 


The following table facilitates the location of material hitherto published in this serial: 


Part 


Issue Figs. Equations Examples Tables Footnotes 
Part I Oct. 1927, p. 488 1 to 23 (1) to (8b) lto 3 Ito III (1) and (2) 
Part II Nov. 1927, p. 551 24 to 43 (9) and (10) 4to 6 IV to VII (3) to (13) 
Part III Dec. 1927, p. 600 44 to 57 (11) and (12) 8 to 11 VIII to IX (14) and oa 
Part IV Mar. 1928, p. 125 58 to 73 (13) and (14) see ie X to XX (16) to (26) 
Part V Apr. 1928, p. 204 74 to 83 (15) to (21) 12 and 13 XXI to XXIII (27) to (29) 
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high. The transfer of heat to the charge is at a rate 
proportional to the difference of the fourth powers 
of the absolute temperatures of the hot and cold 
surfaces. © The photograph of a 60-cycle furnace 
arc shown as the cover illustration of this issue of 
the Review furnishes an interesting study of the 
arc as a source of heat inside a closed chamber. 
This photograph was taken immediately after a 
charge of brass had been poured. The current in the 
arc was 2500 amp., and the arc voltage 100 volts. 
In addition to the transfer of heat by radiation, 
there is a transfer of heat to the charge by conduction 
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The heat received at the surface of the metal must 
be conducted to the interior of the charge as fast 
as received or the surface will be overheated and 
excessive volatilization of the metal will take place. 
The mechanical stirring action continually exposes 
a fresh surface of metal to the radiations and aids 
conduction in carrying the heat into the mass. 
Equalization of temperature is thus maintained and 
overheating prevented. The motion of the furnace 
shell also serves to wash the interior surfaces of the 
furnace walls, cools the refractory lining, and aids in 
the heat transfer to the metal. 
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Fig. 85. Diagrams Showing Positions of a Rocking-type Arc Furnace During Loading, Melting, and Pouring 


from the parts of the furnace walls in contact with 
the charge; however, the greater part of the total 
heat flow to the charge is by radiation. This gives 
to the arc furnace a high melting rate, an essential 
feature for the economical use of electric energy in 
this class of service. 

The diagrams in Fig. 85 illustrate the different 
stages of operation of the form of arc furnace shown 
in Fig. 84. This furnace 1s arranged to be rocked 
after the melting of the metal has begun. As pre- 
viously stated, ©&® the stirring of an alloy during the 
melting process is essential for the production of a 
homogenous metal. In the arc furnace, there are no 
currents induced in the charge and hence no electro- 
dynamic action to stir the molten metal. The rocking 
action serves this purpose. In a form of arc furnace 
that is similar to the rocking furnace, the furnace 
shell is completely rotated. 


(21)See Equation (8) in Part I. 


(82) Reproduced from “Melting Brass in a Rocking Electric Furnace," 
Bulletin No. 171, The Bureau of Mines. 


(2)On p. 127 of Part IV of this serial (Melting Non-ferrous Metals). 


The operation of the arc furnace is simple, and the 
operator need give but little if any attention to the 
arc because of a combination of many factors which 
influence the arc. It may be of interest to discuss to 
some extent some of the conditions which determine 
the operation of the alternating-current arc between 
solid carbon electrodes. 

Considering only a half cycle, the alternating- 
current arc is fundamentally a direct-current arc. 
The essential difference between the two arcs lies 
in the character of the voltage between the electrodes. 
In the direct-current arc, the voltage and current are 
continuous. In the alternating-current arc the current 
is started at the beginning of each half cycle by means 
of a hot cathode, and the instantaneous values of 
current vary during the half cycle. Corresponding 
to the reversals of the current at the end of each half 
cycle, the electrode tips alternate as the cathodes o 
the arc. Using effective values, the volt-am~ere 
characteristic of the alternating-current arc, repre- 
sented by the curve in Fig. 86, is similar to the 
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volt-ampere characteristic of the direct-current arc; 
t.e., the characteristic is negative, an increase of 
current being accompanied by a decrease in the arc 
voltage. (Thus, when operated from a constant- 
voltage circuit, an arc is inherently unstable.) 

A certain instantaneous value of voltage is required 
to start the current across the gap between the elec- 
trodes at the beginning of each half cycle. This value 
depends upon the cathode temperature and the 
electrical conductivity of the atmosphere within the 
gap. The higher these two values, the lower will be 
the required starting voltage. There is thus a delay 
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Fig. 87. Oscillogram of an Alternating-current Arc 


A: Voltage B: Current 


in the starting of the current at the beginning of the 
half cycle, as seen in the oscillogram in Fig. 87. 
The length of this period of zero current varies with 
the atmosphere of the arc. If the gap between the elec- 
trodes contains an atmosphere which is a compara- 
tively good conductor, such as metal vapor, the cur- 
rent may start practically simultaneously with the 
voltage as is seen in the oscillograms in Fig. 88. The 
oscillograms in both Figs. 87 and 88 are of a 2500- 
amp. 100-volt 60-cycle arc in a brass-melting furnace. 

The atmosphere surrounding the arc in a melting 
furnace varies continually, and during the greater 
part of the time the metal vapors within the furnace 
determine this atmosphere. An influence that disturbs 
the arc is the movement of gases from the chamber 
to the outside atmosphere. During operation, a 
pressure is established within the furnace chamber 
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and as the chamber is rocked a varying flow of gases 
passes the stationary arc. Thus the arc atmosphere 
is changing continually during the rocking operation. 
An effect of a variation in the arc atmosphere is 
shown in Fig. 89. The records show effective values. 


Fig. 88 (b) 


Fig. 88 (c) 


Fig. 88. Oscillograms of the Arc in a Single-phase Arc Furnace 
While Melting Brass 


A: Voltage B: Current 


In this case the current was held constant at 35 
amp. The variation in the arc atmosphere was caused 
by the dispersion of the gases driven off from the 
tips of the electrodes by the heat of the arc. At the 
beginning of the period the quantity of gas in the gap 
between the electrodes was a maximum. The gas was 
slowly dispersed by convective movement and as 
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the gas disappeared the arc voltage rose, reaching 
a constant value when the normal arc atmosphere 
was attained. The watts in the arc likewise increased 
as shown in the corresponding chart. 

The arc distorts the voltage wave and to some 
extent the current wave, as will be noted from Figs. 
87 and 88. The extent of this action varies widely. 

Theoretically there is no rectification of current 
by an alternating-current arc between similar carbon 
electrodes. However, the tips of the electrodes become 


i 


Fig. 89. Effect of the Variation of Arc Atmosphere on the Arc Voltage 
and Watts. (60-cycle arc.) Current held constant at 35 amp. 
Arc voltage at start 38, at end 56 (read from right 
to left. Watts at start 1375, at end 1400 


dissimilar to amore or less extent owing to the erratic 
burning of the arc and to replacement of the electrodes 
so that there is some rectification. However, the 
direct-current component in the circuit at any time 
is comparatively small and is of low voltage so that 
the direct-current watts are not sufficient to influence 
the operation of the arc. 

The ratio of the watts in the alternating-current 
arc to the corresponding volt-amperes (1.e., the 
power-factor of the arc) is less than unity, and in any 
particular case has a value dependent upon the 
length of the period of zero current at the beginning 
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of the half cycle and upon the shape of the wave 
forms. There is of course a continuous variation in 
the values of the arc power-factor, but it is difficult 
to segregate the effects of the various factors which 
have an influence upon it. Fig. 90 shows that the 
power-factor varies with the watts in the arc, par- 
ticularly at low currents. The effect of frequency 
upon the arc power-factor, as given by Duddell and 
Marchant, “) is shown in Fig. 91. This similar 
effect accompanying an increase in the watts in the 
arc and an increase in the frequency appears to be 
directly related to the cathode-temperature effect, 


Fig. 90. Change in Arc Power-factor with Change in 
Watts in the Arc 
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Fig. 91. Effect of Frequency Upon the Arc Power-factor. Arc between 
solid carbons in open air. Current held constant 


T.e., to the zero-current period of the half cycle. It 
should be noted that the arc power-factor is not a 
matter of phase displacement as represented by the 
cosine of the angle of lag in circuits containing 
reactance. The sum of all the influences which affect 
the arc power-factor result in an average value that 
is generally above 85 per cent for non-ferrous metal- 
melting furnaces. 

The predominating influence upon the operation 
of the arc is the arc atmosphere, and the most active 
element in this atmosphere is oxygen. This element 
affects the arc adversely and is a limiting factor in 
arc operation. The effect of oxygen is more pro- 
nounced in the alternating-current arc than in the 


_ (4) ‘Experiments on Alternating-current Arcs,” Journal of the Institu- 
tion of Electrical Engineers. vol. 28, p. 1. 
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direct-current arc. In the latter, the cathode area is 
in continuous operation and thus largely inaccessible 
to oxygen; whereas in the alternating-current arc, 
the arc is extinguished at the end of each cycle so 
that there is opportunity twice during each cycle 
for oxygen to act upon the entire cathode area. 
While the atmosphere in the chamber of a metal- 
melting furnace is largely of metal vapors, the presence 
of air (oxygen) cannot be entirely eliminated. 

A number of analyses of the gases in an arc fur- 
nace during the melting of different charges of a 
copper-zinc alloy of uniform composition showed the 
oxygen content in the chamber to range from 8 to 20 
per cent for the different charges. In each case the 
amount of oxygen present in the chamber remained 
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practically constant during the melting period. This 
variation in the amount of oxygen present, with all 
other conditions remaining the same, probably ac- 
counts for much of the variableness observed in the 
operation of the alternating-current arc from charge 
to charge. 

The alternating-current arc, when operating from 
a constant-voltage circuit, is rendered stable (2.e., 
is maintained) by a reactance in series with the arc. 
The higher this reactance the more steady the current. 
The extent to which the current fluctuates is termed 
the degree of stability. In the use of an arc for lighting 
service a comparatively steady-burning arc is desired. 
In arc-furnace operation, as far as the furnace alone 
is concerned, the variations of the current are of little 
consequence so long as the arc does not go out and 
the power input 1s maintained. However, the voltage 
regulation of the power system depends upon the 
extent of the current fluctuations in the system, and 
the variations of the current in the arc circuit should 
be kept within limits which will not cause the voltage 
regulation of the power system to exceed the limits 
necessary to be observed in any particular case. 
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This is a local condition for each installation, and 
no standard limit for the permissible current variation 
in the arc-furnace circuit can be established. If, for 
example, the arc furnace is supplied by an individual 
feeder from a substation, there is much more latitude 
in current regulation than would be the case if the 
furnace operated from a network to which other 
apparatus is connected. Also, if the kv-a. capacity 
of the furnace is small compared to the total load 
on the power system in the immediate neighborhood 
of the furnace installation, the current variations 
in the furnace circuit may be negligible with respect 
to the voltage regulation of the power system. Again, 
if a number of arc furnaces in the same plant are in 
operation at the same time, the permissible individual 
current variation is greater than for a single furnace. 

The relations between current, watts, and power- 
factor in an alternating-current circuit made up of a 
resistance and a reactance, Fig. 92, and operated at 


Fig. 94 (b) 
Fig. 94. Single-phase Arc-furnace Circuit without and_with a 
Supply Transformer 


a constant voltage E, are shown by the curves in 
Fig. 93. Sine wave forms are assumed. In such a circuit 
the maximum power occurs when the power-factor 
is 0.707. These curves are not directly applicable to 
the arc-furnace circuits in Fig. 94 because the curves 
show the total watts in the circuit whereas in the oper- 
ation of an arc we are concerned primarily with the 
power in the arc and need to know the current value 
which gives maximum power in the arc rather than 
the value which gives maximum power in the circuit. 
The power in the arc is the total power in the circuit 
minus the electrical and magnetic losses in the cir- 
cuit. The maximum power in the arc occurs at some 
lower value of current than gives the maximum power 
in the circuit, t.e., at some value of circuit power- 
factor higher than 0.707. Also we do not have sine 
wave forms in the arc circuit. These relations are illus- 
trated in Fig. 95, which is a record of the operation 
of a small arc furnace. If the wattmeter is connected 
in the circuit close to the terminals of the furnace, 
the difference between the currents for maximum 
total power and maximum power in the arc will be 
small. This being the case it is sufficient to determine 
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the maximum power obtainable in the furnace 
circuit for a given installation, and then operate at 
this power or at some lower value (obtained with a 
lower value of current) corresponding to the melting 
rate desired. As there are two values of current— 
one high and one low—which give any one particular 
value of power in the arc, the more efficient operation 
for a given melting rate is obtained of course by the 
use of the low value of current. For a given value of 
reactance in series with the arc, the more stable 
operation is obtained with the high value of 
current. 

The relation between the arc length and the watts 
in the arc can for practical purposes be represented 


Amperes 


Fig. 95. Characteristic of the Arc Furnace Circuit 


Curve A: Total watts 
Curve B: Watts in the afc , ; 
Curve C: Power-factor of the circuit 


by a straight line, as illustrated in Fig. 96. Assuming 
a constant supply voltage, the voltage available for 
the arc with a given current varies inversely with the 
_ amount of reactance in series with the arc. Thus, in- 
creasing the reactance to reduce the current fluctua- 
tions reduces the maximum power values. Hence the 
series reactance, X in Fig. 94, is usually adjusted for 
a value between the value of the power in the arc 
(1.e., the melting rate) and the voltage regulation of 
the power system. Under average conditions, the total 
reactive drop in single-phase arc-furnace installations 
varies between 35 and 60 per cent at normal current. 
Some value within this range usually gives a satisfac- 
tory melting rate and a satisfactory electrical load 
with respect to voltage regulation and overall power- 
factor. The total reactive drop includes the reactive 
drop of the conductors plus that of the separate 
reactance X, Fig. 94. In some cases the react- 
ance of the conductors is an appreciable part of 
the total reactance. The curve in Fig. 97 shows the 
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per cent voltage drop corresponding to the per cent 
reactive drop. 

The arc voltage is determined by several factors. 
It is desirable to use a comparatively low voltage for 
furnace installations on account of the insulation of 
the conductors and electrodes and for safety reasons. 
On the other hand, a low voltage means a high current 
value with corresponding heavy conductors and a 
high reactance drop in these leads. Another factor 
is the character of the atmosphere. While as previ- 
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Fig. 96. Relation of the Watts and Arc Length ‘with 
Constant Current 
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Fig. 97. Per Cent Voltage Drop Corresponding to Per Cent 
Reactive Drop. Sine wave forms assumed 


ously mentioned the atmosphere of a metal-melting 
furnace is largely metal vapor, some oxygen is present. 
The greater the contact this element has with the 
cathode areas, the shorter will be the length of the 
arc (1.e., the lower the arc voltage) which can be 
maintained. The arc voltages in use are generally 
within the range of 70 to 100 volts. Assuming a 
given voltage across the arc, Fig. 94, at a given 
current the corresponding open-circuit line voltage 
is determined by the impedance outside of the arc. 
For example, if the reactance value selected gives 
50 per cent reactive drop at the given current, and 
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the arc voltage is to be 80 volts, the open-circuit 
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ohmic drop in the conductors, in the flexible leads 
to the furnace, and in the electrodes. For an average 
installation with conductors of “moderate length, 
this totals 95 to 100 volts. A transformer is usually 
required to step down the supply voltage to that 
required for the furnace circuit and the separate 
reactance X is then as a rule placed in the high- 
voltage side of the circuit as shown in Fig. 94. With 


voltage from Fig. 97 is 
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approached if the plant is served by two or more 
furnaces so operated that molten metal is more or 
less continuously available. Third, in any plant, space 
arrangement and material handling facilities fix 
a limit as to the largest furnace unit practicable. 
Production conditions also vary. Hence, on the whole, 
two or more furnaces are likely to be better suited 


to economic operation than a single large furnace. 


Two or more furnaces of different sizes may represent 
the best combination. The arc furnace is very flexible 
as to size and can be adapted to any method of 
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(Courtesy Detroit Electric Furnace Co.) 


Fig. 98. A Typical Single-phase Arc Furnace Installation Including One 2000-lb. and 
Two 750-lb. Rocking-type Units 


such arrangement, an individual transformer is 
required for each furnace and the reactance of the 
transformer is included in the total reactance of the 
circuit. 

Obviously, the size of a melting furnace is limited 
by a number of practical considerations some of which 
are peculiar to each industry. First, we have the 
limitation of the size of single-phase loads on a power 
system. This of course is relative only, but in general 
it is desirable to keep individual single-phase loads 
below 500 kv-a., and more often below 300 kv-a. 
Second, we have the general principle that the 
shorter the period of melting, and the shorter the 
length of time that the metal is held in the molten 
state, the less the heat loss per charge, t.e., the more 
efficient the operation. This prescribes the selection 
of the size of furnace, t.e., holding capacity, and a 
melting rate with reference to the rate at which the 
metal can be poured such that the entire contents of 
the furnace can be poured as soon as the pouring 
temperature is attained. The ideal method is con- 
tinuous melting and continuous pouring. This is 


operation and size of plant. This is represented by 
the available range of standard sizes of non-ferrous- 
alloy melting furnaces. For illustration, the list of 
standard furnaces of one manufacturer is given in 
Table XXV. The most popular size in this table is 
the furnace which has a holding capacity of approxi- 
mately 250 1b. 
TABLE XXV 


STANDARD SIZES OF SINGLE-PHASE ARC FURNACES 
FOR MELTING NON-FERROUS ALLOYS 


Electrode Nominal Holding 
Diameters Capacity 

In. Lb. 

3 200-250 

3 300-350 

4 750—1000 

4 : 1000-1250 

5 1500-1800 

5 1800-2500 


The size of the electrical equipment for a given 
arc-furnace installation is determined in the same 
way as for any other electric melting furnace, t.e., 
it is based upon the weight of the charge, heat 
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absorption of the metal, the rate of melting, and the 
heat loss. °) As our knowledge of the heat absorp- 
tion of alloys is limited, it is more convenient to base 
such estimates upon the results obtained in practice. 
A value with the range of 250 to 300 kw-hr. per ton 
(which includes all losses) is representative of the 
electrical energy required for melting the various 
copper-zinc alloys. The value in any particular case 
depends, of course, upon the composition of the 
alloy, impurities in the charge (particularly water), 
size of furnace, pouring temperature, and method of 
operation. The average length of the melting period 
which suits most plant operations, regardless of the 
size of the furnace unit, 1s 30 min. 

Example 14. Assume an alloy high in copper con- 
tent and 300 kw-hr. per ton as the energy value. The 
weight of the charge is 800 lb. The melting period is 
30 min.; the arc voltage 80 volts. The overall power- 
factor is 80 per cent. The kv-a. load is 


_ 800X300 
2000 X 0.5 X0.80 


= 300 kv-a. 


As the entire contents of the arc furnace is poured at 
each melt, this type of furnace is quite suitable for 
melting miscellaneous alloys which are often required 
in manufacturing plants. If an exact analysis is 
required in each case it 1s sometimes desirable to 
run a wash heat between charges of different analyses. 
The arc furnace is ready for use as soon as loaded 
and can be used intermittently or continuously as 
may be required. The first charge in a cold furnace 
will require a longer melting period than subsequent 
charges on account of the heat absorption of the 
refractory lining. The charge may consist of any 
class of material available, ingots, scrap of all kinds 
such as borings, turnings, “‘mattresses,’’ “‘cabbages,”’ 
etc., or any mixture of new metal and old. It is 
desirable to limit the impurities in the charge but 
this is a matter of care in metallurgy and not a limita- 
tion of the furnace. Usually the furnace is loaded as 
shown in the diagrams in Fig. 85., t.e., so that the 
charge does not short circuit the electrodes. However, 
in the loading of loose scrap, such as ‘‘mattress”’ 
material, the space-factor of the charge is low and the 
chamber is often filled completely. This of course 
short circuits the electrodes and care must be taken 
not to overload the electrical apparatus. 

The operation of the arc furnace consists of loading, 
melting, and pouring. Thus the load on the elecrical 
equipment is not continuous. For a melting penod 
of 30 min. the ratio of melting time to total time 
for continuous operation will range from 0.50 to 
0.80 depending upon the methods of loading and 
pouring. Mechanical loading equipment is often used 
with the larger furnaces. 


(-5)See Part III of this serial (Melting Non-ferrous Metals) 
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The use of round, solid graphite electrodes is 
standard practice for the single-phase arc furnace. 
The diameters of electrodes for the standard sizes 
of furnaces are given in Table XXV. The current 
density in the electrodes varies from 300 amp. per 
Sq. in. in the small diameter electrodes to 200 amp. 
per sq. in. in the 4-in. diameter electrode. The elec- 
trode consumption in non-ferrous-alloy melting ranges 
from 3 to 5 lb. per ton of metal melted. 

Various types of refractory linings for single- 


` phase arc furnaces are in use. The refractory problem 
_here is much the same as with other furnaces, and 


will be referred to later in this serial in a part that 
treats of ‘‘ Refractories for Electric Furnaces. ” 
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Fig. 99. Chart from the Log of the Operation of a 
Single-phase Arc Furnace 


The control of the pouring temperature with the 
arc furnace is the same as with other electric melting 
furnaces, t.e., by the control of the amount of 
energy put into the furnace. For this purpose the 
standard equipment of the furnace includes a watt- 
hour meter. Having once determined the kilowatt- 
hours needed to bring a given charge to the desired 
pouring temperature, the same energy input is 
used for subsequent charges of the same kind and 
weight. 

The electrical equipment of the single-phase arc 
furnace consists of a transformer, a reactor, a circuit 
breaker in the high-voltage side of the transformer, 
an indicating wattmeter, a watthour meter, and a 
motor for giving mechanical motion to the furnace. 
An automatic electrode feeder is frequently added 
to the larger furnaces. With the small furnaces the 
electrodes are operated by hand. Details of this 
electrical equipment will be described later in this 
serial in a part entitled, ‘‘Electrical Apparatus for 
Electric Heating Equipment. ” 

A typical installation of single-phase arc furnaces 
is shown in Fig. 98. 

The chart in Fig. 99 is from the log of a day’s run 
of a single-phase arc furnace melting an alloy of the 
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composition 80 Cu, 10 Pb, 8 Zn, 2 Sn. The data are 
as follows: 


MGS DEF COV: os csc euiavedseendtarnne 2 i 

MNE OE CDR a eraa a RE OR 800 1b 

TOU alloy Melted oeni ERA 9600 1b. 
Average pouring temperature............ 2183 deg. F. 
Total time in Operation... ciero i sets eee 9 hr. 14 min. 
OUR TAGS CIO. io. b dk. act ees ae 7 hr. 12 min. 
Average melting period................. 36 min. 
Ratio melting time to total time......... 0.77 

Torn WOW Dea <4.eG dacs Bek Ode eR Paes 1461 

EnA DOF Nerei eraen 304 


Referring again to Fig. 99, it will be noted that 
the first charge of the day required 211 kw-hr. and 
a melting time of 66 min. During the second melt 
the furnace reached the steady state condition of 
heat flow and succeeding melts required an average 
melting period of 36 min. Disregarding the first two 
melts of the day we have for continuous operation: 


LOC. cape for 10 iOS: adj oe oy dda eee 8 hr. 37 min. 
POCA! SOUS TMG 5 cares drow een ae 5 hr. 28 min. 
Average melting period. yei «ec sens 32.8 min. 
Ratio of melting time to total time...... 0.635 

SEC IPSN Ee ona eh rhe keds aa ete re SS 1120 

KWD: DEF (O06. cd ck dade N 280 


The difference between the sum of the kilowatt- 


hours for the first two melts, and twice the average 
kilowatt-hours per melt for the remainder of the day 
represents the heat stored in the walls which is 
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lost overnight. The stored heat of the furnace 
performs a useful function in maintaining the tem- 
perature of the metal while the arc is off during 
pouring. 

The cost of melting metal in an arc furnace includes 
the items for the electrical energy, the labor, the 
refractory linings which are renewed from time 
to time, the electrodes, and the maintenance. These 
individual costs vary with the conditions of operation, 
metal melted, rate for power, etc., according to local 
conditions. A manufacturer of single-phase arc 
furnaces gives the data in Table X XVI as representa- 
tive operating and cost figures. 


TABLE XXVI 
BUT «Aare nae reer TELE E 85 Cu, 5 Sn, 5 Pb, 5 Zn 
Pouring temperature; 066 55cc eens 2150 to 2200 deg. F. 
A LASE TOTE I EES EPER ees ows 8 hr. per day 
Hand charging 
Average weight of charge.......... 350 1b 
Average melting period............ 28 min 
WOO Be ast | an oe eee 13 
PIOOCUGUOD 65 ohietald Zs phe 4550 1b 


Power, 208 kw-hr. per ton, at 26.4.6 «isc tisca ne ees $5.96 
Lininp Cost (Hio 1200 melta] ess inaner oa hee ead 0.36 
Electrode cost (434 lb. per ton)...............6.0-- 1.04 
Labor, one operator (at 55¢ per hour).............. 1.94 
Adl IRE aae aee Ree BAe eo ke 0.20 
LE OEE. Ca e sop as 60-9 Ved tg BSE Ae a ARES 0.25 
Metal loss, 6/10 per cent at 11¢ per lb.............. 1.32 

TOtAl Cost. Det TOM. MELA ». 5 é5 62856 Sadat eus $11.07 


(To be continued) 


Rotor for Conowingo Generator During Course of Fabrication 
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Automatic Dynamometer Control Panels 


available for use with the dynamometers em- 
ployed in testing internal-combustion engines. 
Although much of this testing is of the nature of 
research work, and thus requires a very close, accu- 
rate control of both armature and field, it has been 
found that the usual manual type of control can be 
superseded to advantage by the automatic type. 
The new control equipment consists of two panels, 
one a control panel and the other a master panel. 
This arrangement permits mounting the master panel 
on the dynamometer base, providing complete con- 
trol of the dynamometer at the point where the test- 


A FULLY automatic control equipment is now 


Fig. 1. 


Fully-automatic Control Panel and Master Panel 
for 150-hp. Dynamometer 


ing is being done. The automatic control panel, with 
its motor-operated rheostats and absorption resistor, 
is mounted at any suitable remote location. 

The automatic control panel has a motor-operated 
armature dial switch and a motor-operated field dial 
switch. The control is designed to allow an inrush cur- 
rent of 2000 amp., which is sometimes necessary to 
start a ‘‘stiff’’ engine. The armature dial switch is of 
a screw type, having a large number of staggered 
steps arranged for armature regulation up to the 
maximum rated current when the dynamometer is 
operated either as a motor or a generator. When 
acting as a motor, the armature and field switches 
Operate in proper sequence in either direction. They 
return automatically to their normal position when 
the dynamometer is stopped. 

On overloads, the line contactor opens and a relay 
shuts off the ignition of the engine to prevent it from 


racing when the load is removed. As practically all 
dynamometers are separately excited, another relay 
shuts off the ignition in case of failure of the dynamo- 
meter-field supply. When running the dynamometer 
as a generator, the output is usually pumped back 
into the line but if desired it can be dissipated in the 
load resistor by opening the line contactor and closing 
the load resistor contactor by means of a push- 
button on the master panel. 


Fuel-metering Panel with Contact-making 
Scale and Fuel Tank 


Fig. 2. 
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Fig. 3. Fully-automatic Control Panel and Master Panel 
for 300/400-hp. Dynamometer 


The master panel is equipped with a field-reversing 
switch and several push-buttons, thus providing for 
the starting and stopping of the apparatus as well as 
the control of the motor-operated armature and field 
resistors on the automatic panel. A vernier field 
rheostat, also mounted on the master panel, provides 
fine adjustment after the motor-operated field rheo- 
stat has brought the speed or load approximately to 
the value desired. A voltmeter and ammeter in the 
line provide complete indication of voltage and cur- 
rent under all operating conditions. 
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The Application of Oxygen and Hydrogen 


to Industrial Operations 


PART VI 
HYDROGEN, NITROGEN AND THE ELECTRIC FURNACE 


By F. P. WILSON, JR. 
Manager’s Staff, Schenectady Works, General Electric Company 


acteristics of hydrogen were explained; and now 
a brief description will be given of some of the 
features that must be considered in using hydrogen 
and hydrogen-nitrogen mixtures in electric furnaces. 

Modern equipment makes possible the production 
of hydrogen of almost 100 per cent purity, which 
means freedom from oxygen. This is in contrast 
with one of the production difficulties encountered in 
the past, which was the production of hydrogen 
without a dangerous content of oxygen. 

The degree of safety obtained in the applications of 
hydrogen to electric brazing and annealing furnaces 
is vitally dependent upon the technique employed in 
its handling. The use of city gas in baking ovens is a 
similar application with respect to hazards. Modern 
baking ovens are large and of heavy construction, 
and in many principles of design are not unlike the 
furnaces built for hydrogen brazing and annealing. 
In the past, the ventilation of such baking ovens has 
been so regulated as to remove only enough of the 
products of combustion to prevent the burners from 
becoming extinguished. The danger with such ovens 
occurs when unburned gas accumulates with air in 
the top of the oven, forming an explosive mixture 
which may be ignited by burner flames or lighting 
devices. The accumulation of illuminating gas may 
result from leaky valves or a temporary cree in gas 
pressure extinguishing the flame. 

Industrial annealing, brazing, or oxide-reducing 
furnaces containing hydrogen or hydrogen-nitrogen 
atmospheres are electrically heated. The function 
of the hydrogen or hydrogen-nitrogen mixtures is not 
to furnish heat but to produce a non-oxidizing or a 
reducing atmosphere in the furnace. No combustion 
of hydrogen normally occurs inside the furnace 
because no air 1s admitted. This is in contrast with 
gas-combustion furnaces, in which air is either fed 
to the furnace or mixed with the fuel gas and in which 
the proportion of air to fuel is intentionally correct 
for combustion and therefore correct also for an 
explosion if normal combustion is interrupted or 
incomplete. In the case of the electric brazing and 
annealing furnace, hydrogen or hydrogen-nitrogen 
mixtures flow through the furnace and exhaust from 
it at a vent where the gas is intentionally ignited. 
This vent is visible at all times and is a ready and 

(*) Part I of this serial, Nov., 1927, p. 544. 


|: a previous article “) some of the uses and char- 


convenient indication of any variation from normal 
gas flow. In the event of the use of a non-combustible 
mixture of nitrogen and hydrogen, the flow indica- 
tion is obtained from flow meters. Because air is 
not admitted to the furnace and the source of heat is 
electrical, the hazards with this type of furnace are 
considerably less than those encountered in similar 
types of furnaces that depend upon the combustion 
of city gas and air for their source of heat. 

After the initial starting of an electric furnace that 
contains a reducing-gas atmosphere, the major 
requirement in the interests of safety is to maintain 
a normal flow of pure gas through it. If the power 
supply fails, the internal cooling will cause some 
contraction in the gas volume but a slightly increased 
gas flow will afford adequate compensation. 

If proper care 1s exercised in the design, installation 
and operation of electric furnaces utilizing reducing- 
gas atmospheres, the factor of safety obtained will 
be equal to or greater than that obtained with a 
similar furnace of the combustion type. 

One characteristic of hydrogen which makes it 
differ (although only in degree) from other fuels is its 
extreme lightness. This characteristic introduces the 
necessity of certain details of design in electric 
furnaces designed for hydrogen atmospheres. 

The point of hydrogen admission should be at the 
highest point in the furnace, and the dome of the 
furnace should be so constructed that a high point 
exists. This feature prevents the formation of gas 
pockets. 

The exhaust from the furnace should be at the 
lowest possible point to insure a complete sweeping of 
the furnace at all times. Admitting a gas as light as 
hydrogen at the top of a domed furnace and permitting 
it to exhaust at the lowest point precludes the possi- 
bility of air being present as long as the hydrogen 
flow is maintained in the proper direction. Breathing, 
which is due to temperature variation in the furnace, 
can be prevented by proper regulation of the hydrogen 
flow. Outlet pipes at the top of the furnace must be 
eliminated, or a chimney effect will be produced by the 
light hydrogen drawing air in around the furnace 
seal or through the vent. 

Although with proper technique the explosion 
possibility may be remote, the furnace design usually 
provides for some convenient method of relieving 
any excessive rise of pressure inside the furnace. 
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There are no mysteries involved in the use of hydro- 
gen in electric furnaces, and whenever accidents have 
occurred their cause is traceable to the violation of 
some known law or principle either in furnace design 
or operation. 

A general consideration with all types of gas fur- 
naces is that the rate of rise of pressure in gaseous 
explosions varies inversely as the initial temperature. 
This indicates that the greatest care must be exer- 
cised during the operation of a furnace until its tem- 
perature is above the ignition point of the gas being 
used. Not only would the rate of rise of pressure be less 
but, if the temperature is above the ignition point, 
any accumulation would be prevented by the combus- 
tion of the gas and air as rapidly as they mixed. 

The predominating characteristic of hydrogen 
which necessitates any variation in handling technique, 
with respect to the other common combustible 
gases, is its extreme lightness. Assuming that the 
furnace design incorporates features to properly 
compensate for this lightness, then the operation of an 
electric furnace having a hydrogen atmosphere will 
be identical with the procedure employed for other 
combustible gases lighter than air. 

The primary consideration with these furnaces, 
as with bakery ovens or other fuel-gas furnaces, is 
to avoid an accumulation of gas and air. Whether the 
gas be hydrogen, methane, carbon monoxide, or 
city gas, if accumulation takes place with air in the 
correct proportion and ignition occurs in such a 
mixture, an explosion is inevitable. 

Of course there are various gas characteristic 
factors involved which vary the intensity of such an 
explosion. The characteristics which, paradoxically 
as it may seem, make hydrogen more adaptable to 
the shifting type of furnace, are its low ignition 
temperature, high flame temperature, and high rate 
of flame travel. All af these tend to reduce the possi- 
bility of quenching the flame which burns across the 
furnace mouth during the shift. If this flame were 
extinguished, an accumulation of hydrogen and air 
would naturally result. 

The following factors are involved in combustion, 
explosion, and detonation: 

Composition of fuel 
Composition of secondary gas 
Composition of gaseous mixture 
Dilution 
Compression 
Turbulence 

_ Method of ignition 
Temperature of ignition 
Tube composition 
Tube texture 
Closed and open-end tubes 
Tube length 
Tube diameter 
Change in tube diameter. 
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From the foregoing it is obvious that there are 
many factors other than the gas being used which 
determine whether the reaction will be combustion, 
explosion, or detonation. | 

Fuels which are unstable and break down easily 
at high temperatures will detonate easily, although 
the detonation wave can also be initiated in mixtures 
of hydrogen and air. 

Detonation may be controlled through retarding 
the rate of combustion of a fuel by adding chemicals 
to the mixture which serve to increase its specific 


Fig. 30. Nitrogen Burner for Producing an Industrial Supply of This 
Gas by Using Hydrogen to Burn the Oxygen Out of Air 


heat and prevent excessive temperatures being 
reached, or by the use of diluents. 

Excessive temperatures cause thermal decomposi- 
tion of the fuel, and a selective burning of the con- 
stituents develops a high density in the gases ahead 
of the flame front and prevents complete combustion 
of the fuel. 

Mason and Whalen show that the rate of reaction 
between a combustible gas and oxygen increases with 
the concentration of whichever has the greater 
stopping power for radiant energy and that this 
stopping power depends on the density of the gas. 
This is demonstrated in the case of methane, where the 
lowest ignition temperatures are obtained when there 
is excess oxygen. With other hydrocarbons there is a 
diminution in ignition temperature as the proportion 
of combustible gas is increased. 

It is common experience that an increase in tem- 
perature invariably increases the rate of chemical 
action. Because combustion is a chemical reaction, 
it is apparently reasonable to expect that the rate of 
gaseous combustion must be increased by the increase 
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in temperature. This is true where gases are passed 
through a hot zone that serves to ignite the suc- 
ceeding layers of gas, as is the case in gas furnaces of 
the combustion type, surface combustion, ammonia 
oxidation, and similar processes. But in combustion 
in a closed vessel, the rate of flame travel depends on 
how rapidly each layer of gas will ignite the adjacent 
inherent layer. 

In spite of modern equipment and highly developed 
technique for the handling of hydrogen in electric 
furnaces, there remain hazards which are inherent 
in the use of this gas in furnaces of comparatively 
large cubical contents. 

The difficulty in arresting flame propagation 
throughout a hydrogen system introduces the neces- 
sity of water-flashback arresters which in turn 
saturate the gas and add to the drying difficulties 
and operating cost. 

These factors, in combination with other economic 
considerations, have: been largely responsible for 
retarding the more general development of this field. 

Recent work, however, has indicated that a non- 
explosive mixture of hydrogen and nitrogen can be 
substituted for hydrogen in many electric-furnace 
applications with minor modifications in the process 
and should lend impetus to a more general adoption 
of this type of furnace for various operations. 

In addition to the freedom from detonation which 
such a nitrogen-hydrogen mixture assures, its use 
results in economies that in many instances reduce 
the gas costs 50 per cent bcause of the lower cost of 
nitrogen production. 

The degree of success obtained with gas-filled 
electric-brazing and annealing furnaces depends 
upon the following factors. The extent to which they 
apply varies slightly with the percentage of hydrogen 
and nitrogen used, but the attainment of maximum 
results is vitally dependent upon these conditions 
regardless of the gas medium selected: 


(1). Proper selection of gas cycles and percentage 
of gas mixtures. 

(2). Maintenance of constant gas purity, flow, 
and dryness. 

(3). Condition of work placed in furnace: 
(a). Mechanical fit of joints to be brazed. 
(b). Cleanliness of work. 

(4). Technique of furnace operation. 

(5). Dryness of furnace atmosphere. 

(6). Furnace design and its adaptability to_the 
work. 
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Mixtures of hydrogen and nitrogen can be obtained 
by several methods, the two most preferable of which 
seem to be the combustion of hydrogen and air in 
an apparatus such as shown in Fig. 30, or the liquefac- 
tion and fractionation of air to produce nitrogen, with 
a subsequent mixing with hydrogen produced elec- 
trolytically. The apparatus shown in Figs. 19 and 
23 ) permit the use of the latter process. In many 
instances where the hydrogen load for the operation 
of a burner, Fig. 30, is insufficient to warrant an 
electrolytic plant, it might prove advisable to obtain 
the gas by the dissociation of gaseous ammonia. 

As is commonly known, the addition of a diluent 
to any reactive mixture generally decreases the rate 
of reaction. Thus, the addition of nitrogen to a hydro- 
gen-air mixture would greatly reduce the explosibility 
of such a mixture. The use of a non-detonating mixture 
gives an added factor of safety to compensate for the 
personal equation and deviation from the standard 
code of operating procedure. 

The effect of diluents on the velocity of the detona- 


_tion wave was accurately determined by Dixon 


in detonating explosive mixtures containing hydrogen, 
methane, ethylene, and other fuels. In every case the 
addition of a diluent decreased the velocity of the 
detonation wave. It was found that the detonation 
wave was easily propagated in mixtures of hydrogen 
and air. 

According to Dixon, the amount of nitrogen per 
unit volume of reagent necessary to prevent propa- 
gation of the detonation waves varies as the velocity 
of the detonation wave propagated in similar mix- 
tures free from the nitrogen diluent. The effect of 
nitrogen on the initiation of the detonation wave 
is shown in Table XI. 


TABLE XI 
VELOCITY 
Fuel Mixtures (Berthelot) (Dixon) 
Meters/sec. Meters/sec. 
2 H.+0, 2821 | 2810 


2H:+0.:+7 N: (Wave not initiated) 

The fact that nitrogen used as a diluent in explosive 
mixtures decreases the velocity of flame travel and 
the rate of rise of pressure in all types of gaseous 
explosions indicates that the velocity of flame travel 
and rate of rise of pressure are similarly affected by 
diluents. 


a ieSe illustrations appeared in Part III of this serial, April, 1928, 
p. : 


(To be continued) 
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PART XI 
THE DIFFRACTION OF LIGHT BY CRYSTALS 


By DR. WHEELER P. DAVEY 
School of Chemistry and Physics, The Pennsylvania State College 


N Part X* of this serial, certain properties of 
crystals were calculated. The nature of these 
properties was such that it was necessary not 
only to know the arrangement of atoms in the crystal 
but also to make definite assumptions as to the 
nature of the forces between electrons and protons 
and the spatial arrangement of electrons in the atom. 
In spite of the apparently crude assumptions used, 
the calculated results were very satisfactory; and 
reasons were given for believing that the results of 
calculations from somewhat more elegant assumptions 
would not have been greatly different. It is the pur- 
pose of the present chapter to illustrate a second type 
of calculation in which each atom is taken as a unit 
with very little reference to the architecture of the 
atom itself. 

The calculation chosen is that of W. L. Bragg 3» 
on the optical constants of calcite and aragonite. 
These minerals are both Ca COs, but their crystal 
structures are different. 39 (34) It is well known that 
both of these crystals are birefringent, t.e., the degree 
with which they can bend a beam of polarized light 
depends upon the orientation of the crystal with 
respect to the plane of polarization of the light. It 1s 
generally assumed in Physical Chemistry that the 
optical properties of a compound may be calculated 
if only we know the optical properties of each of its 
components. This is approximately true in the case of 
isotropic substances, e.g., jellies, solutions and crystals 
belonging to the cubic system. Bragg makes the addi- 
tional assumption that in all other crystalline solids, 
the crystal structure must also be taken into account, 
for in a crystal the arrangement of atoms markedly 
affects the forces acting between them. 

The customary procedure in the case of isotropic 
substances is to picture the electric vector in a beam of 
polarized light as pulling the electrons of the various 
atoms in one direction and pushing the corresponding 


(132) W, a Bragg, Proc. Roy. Soc. 106, 370. en T a 106, 346 (1925). 
ae . Bra B. Proc. Roy. Soç. A 89, 248, (19 
W. G. 'yckoff, Amer. Jour. Sci. 60, 317, (1920). 
W. L. Bragg, Proc. Roy. Soc. 105, 16, (1924 ). 
R. W. G. Wyckoff, Amer. Jour. Sci. 9, 145, (1925). 
0u) W. H. Bragg, Phil. Trans. Roy. Soc. A, 216, nay (1915). 


protons in the opposite direction. In this way each 
atom is thought of as becoming an “‘electric doublet,” 
t.e., it acts like a tiny rod with a + charge at one end 
and a — charge at the other. The change in the 
strength of the electrostatic field (electric polarization) 
in a definite small volume, caused by the doublets 
thus formed, is then calculated by considering the 
effect of such doublets arranged in a hit-or-miss fash- 
ion in the isotropic substance. Such a calculation may 
be expected to apply to the case of a substance 
crystallizing in the cubic system, for all three axial 
directions are necessarily equivalent. It will not apply, 
however, even approximately to substances crystal- 
lizing in other systems, and for these the configuration 
of atoms in the crystal has to be taken into account. 
Bragg has made the necessary calculations for calcite 
and aragonite, taking into account the arrangement of 
the atoms in the crystals, and (within the degree of 
approximation to which the assumptions hold for 
isotropic substances) these calculations lead at once 
to the correct values for the indices of refraction of 
the crystals. 


Index of Refraction of Isotropic Media 


It is reasonable to assume that if a substance is 
placed between two charged electrodes so that a 
constant electrostatic field is imposed on it, all the 
electrons in the atoms of that substance will be 
pulled over slightly towards the positive electrode and 
all the protons will similarly be shifted over toward 
the negative electrode. Let s be the distance which is 
now assumed to exist between the center of gravity 
of the negative charges and the center of gravity of 
the positive charges in a given atom. This distance 
will be proportional to the strength (£’) of the electro- 
static field in which the atom finds itself, and to the 
charge (e) on each electron and proton. It will depend, 
too, upon the magnitude of the electrostatic forces 
between the electrons and protonsintheatom. It will 
be assumed that this restoring force is independent of 
the orientation of the atom and this force will be 


*References made to material hitherto published in this series of articles may be readily located from the following table: 


Part Issue Figs. 
Part I Nov., 1924; p. 742 l and 2 
Part II Dec., 1924; p. 795 3 to 10 
Pact III Feb., 1925; p. 129 1] to 22 
Part IV Apr., 1925; p. 258 23 to 28 
Part V May, 1925; p. 342 29 to 35 
Part VI Aug., 1925; p. 286 36 to 41 
Part VII Oct., 1925; p. 721 5? to 59d 
Part VIII Feb., 1926; p. 118 60 to 67 
Part IX Apr., 1926; p. 274 68 and 69 
Part X Aug., 1926; p. 580 70 and 71 


Equations Tables Footnotes 
1 to 16 I and II 1 to 21 
17 to 32 HI 22 to 27 
33 to 37 IV 2R to 42 
38 to 41 None 43 to 48 
oe None 49 

to VIT 50 to 58 

43 ‘se 47 VIII and IX 59 to 65 
48 X to XIII 66 to 82 
49 to 56 XIV to XXVI 83 to 117 
57 to 66 XXVII to XXXI 118 to 131 
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included, for any given kind of atom, in the factor of 
proportionality. We may therefore write 


s=E‘er (67) 


where à is characteristic of the atom under con- 
sideration. The factor \ may be defined as the dis- 
placement per unit force on the atom. If Equation 
(67) 1s written 

Si Se 


: 68 
“ha (68) 


the expression s may be interpreted as representing 


the strength of the doublet. 

Let E be the average value of the strength of the 
electrostatic field throughout the whole substance 
which has been placed between the electrodes. Since 
the dielectric constant of a vacuum is by definition 
unity, the increase in the field strength caused by the 
presence of the material substance is (K —1) E where 
K is the dielectric constant of the substance. This 
change in the field strength is called the “‘polarization 
per unit volume,” and is designated by P. Assume 
that in each cubic centimeter of the substance there 
are N, atoms having a displacement constant i, and 
therefore an electric momenent s,e; N: atoms of dis- 
placement constant ^: and electric moment s£; etc. 
Then 


(K-1)E=P=N, 5, e+Ne Spe +... 


=N; a Ne+tN, 2 Age + ce ee (69) 
A Ae 


1 


Now consider some single atom located at a point A, 
for example. There will be some doublets so close to it 
that they may be regarded as making individual 
contributions to the strength of the electrostatic field 
at A. Other doublets, more remote, may be regarded 
as being so far from this point that they act with 
their neighbors to give the effect of a substantially 
uniform electrostatic field. The average field strength 
(E) which acts on any individual atom represents the 
strength of the field imposed by the charged elec- 
trodes plus the effect of these more remote doublets. 
The additional effect of the doublets which are near 
the atom at A may be determined as follows: Let a 
sphere be drawn with A as a center and with a radius 
large enough to reach to the more remote doublets 
mentioned above, and let all the doublets inside this 
sphere be removed. On one side of A the surface of the 
sphere acts as though it were covered with a con- 
tinuous coating of positive electricity; on the other 
side of A it will act as though it had a continuous 
coating of negative electricity. It may be shown that 
the field due to these charged halves of the sphere 
is 4 P. If the substance between the electrodes is 
isotropic, the average effect of the doublets inside 
such a sphere is zero. The net effect is that the total 
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electric field acting at the point A is no longer repre- 
sented by Equation (68) but by 


=.....=(E4+lK P)e (70) 


MMM 
Equation (69) must therefore be altered to read 


P= (E+ P) Nimt (E+ P) Nees +--- 
= (E+ P) X Nen 


=f! ` Ne 


(71) 


or 


(72) 


Equation (72) will still hold true if the field across 
the electrodes is an alternating field, such as would 
be produced by the electric vector of a light wave, 
except that near all resonance frequencies the value 
of ` will depend upon the frequency of the field. 
Equation (72) may be made more useful for our 
purposes by means of the well known principle that, 
if the dielectric constant of a substance is measured 
for fields of the same frequency as the light which we 
happen to use, then that dielectric constant is in- 
versely proportional to the square of the velocity of 
light in that substance. Remembering that the ratio 
of the velocity of light in a vacuum to the velocity in a 
given substance is the index of refraction of that 
substance we have, 


K sibatanee tes {Velocity of light in vacuum)? 
(Velocity of light in substance)? 


= 2 


K vacuum 


Since the dielectric constant of a vacuum is, by defi- 
nition, unity, we can replace K in Equation (72) by 
n?, giving 


(73) 


If Mis the molecular weight of the substance and p is 
2 
its density then the quantity ea, is iS approxi- 
n?+1 p 


mately a constant which is substantially independent 
of the physical state of the substance, provided it is 
isotropic. It is called the ‘“‘molecular refractivity” of 
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the substance and is denoted by R. From Equation 
(73) we have at once 


n heRe Ko > Ner 


p n?+1 
Now WN, No, etc., represent A number of atoms of 
M 


kinds (1), (2), etc., per cubic centimeter. N, A N — 
p p 


etc., are therefore the number of atoms per gram 
molecule, and may.be represented by a No, b No, etc., 
where No is the Avogadro number. In terms of No, 
Equation (74) becomes 


R=a (4 No e Ai) +6 (14 No e 2) + ee 
=a A,;+b A+- 


where A, Ao, etc., are the atomic refractivities. On the 
basis of their optical properties in isotropic substances, 
it is possible to assign values for the refractivities for 
the atoms and ions of many elements, and the mole- 
cular refractivity of a compound is approximately 
the sum of the atomic (or ionic) refractivities of its 
constituents, provided only that the substance is 
isotropic. 


(74) 


(75) 


Index of Refraction of Non-isotropic Media 

So far we have assumed that the immediate neigh- 
bors of any given atom were situated around it in an 
entirely haphazard fashion. Although not so arranged 
in the case of crystals of cubic symmetry, the mathe- 
matics of cubic crystals is such as to lead to essentially 
the same result. This is not the case for non-cubic 
crystals. The net electrostatic field at a point due to 
the more closely situated atoms is no longer zero. It 
must be calculated in terms of the relative positions 
of these atoms (or ions) and the distance between them 
as given by crystal analysis. 

Consider an atom situated at the origin of coördi- 
nates, and let one of the doublets in its immediate 
neighborhood have codrdinates x, y, z, so that it is at 


a distance 
r= Vety+ 2 


from the origin. The x-component of the field which it 
sets up at the origin 1s, in Heaviside units, 
3X2 


_ oxy P 
an H 
4rr° r? 


N (76) 

drr? r? arh r 
where M,, My, and p, are its components of polariza- 
tion. Fields of this sort from each doublet in the 
neighborhood are superimposed on the field which we 
considered in the case of isotropic substances, so that 
the simple form of Equation (70) must be replaced 
by a group of equations of the form 


=(E +214 P) e + (ai sı e+a:s2€ + TETE Je 


=(E+14 P)e + (bi sıe+b:sze +- -)e (77) 


etc. 
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The new terms a,s,e give the changes to the field 
which have been contributed by doublets of strength 
s,e. All doublets of a given kind situated at a distance 
r from the origin of coördinates are included in the 
same term. For instance, if for the doublets of strength 
sıe the components of polarization are M= S€, p, =0, 
H+=0; then Equation (76) gives the value of a as 


S 1 3r? — 7? 
Qa, = ne 
ro 4rr r? 
In general, u, and u, will not be zero, but the error 
introduced will be small and can be allowed for in 
numerical calculations if desired. 

The equations illustrated by Equation (77) may be 
written in the form 


(78) 


= (E +14 P) (2 a; € MHZ ae MH- ) e (Tra) 
1 2 


Calculations based on values for ay, œ, etc., given by 
Equation (78), and on values for Ay, Az, etc., given by 
atomic refractivities, give values for the second paren- 
thesis which are small (+ 0.2 for calcite and aragonite) 
in comparison with (E+ 14 P), so they may be rep- 
resented by a corrective factor thus: 


as (E+ Phe 


1 


ae 2(E+1 12 Phe (79) 


2 
etc. 


For non-isotropic media, Equation (71) therefore be- 
comes 


P=C, (E+% P) Meats (E+ P) Noe? Mmt.. 
and Equation (73) becomes 


Ci N, e? At C Ne e `t. 


male e it Nr 
“Pe 12 (GNOME OGN? Reseed) 


(80) 
We are now ready to consider calcite and aragonite 
and to compare their indices of refraction as calculated 
by Equation (80) with the results of experiment. 


Structure and Optical Properties of Calcite and Aragonite 

The rhombohedron of calcite shown in Fig. 72 
(previously reproduced as Fig. 35) may be regarded as 
having a distorted Na Cl structure. When a calcite 
crystal, bounded by its cleavage planes, is placed so 
that its short body-diagonal is vertical, the structure 
may be thought of as being made up of three inter- 
penetrating simple triangular lattices. The arrange- 
ment of atoms, looking down vertically upon such a 
crystal, is shown in Fig. 73. The CO;-~ group is 
equally spaced from each of three Catt ions below 
and three Catt ions above. The oxygens lie midway 
between one of the lower Ca++ and one of the upper 
Catt. 

Although aragonite belongs to the orthorhombic 
system, the positions of the Ca++ and CO;~-~ are very 
nearly what they would have been if the structure had 
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been triangular close-packed. The arrangement of 
atoms, looking along the Z-axis of the prism is shown 
in Fig. 74. Here again the CO,- group is equally 
spaced from each of three Cat+ ions below and three 
Catt ions above, but now each oxygen lies midway 
between three Catt ions. 

When the electric vector of a polarized light wave is 
parallel to the planes of COQ;~~ in calcite, the index of 
refraction (w) is 1.658; when it is perpendicular to 
these planes the index of refraction (e) is 1.486. If 
aragonite had true hexagonal symmetry it, too, 
would have two indices of refraction, one (w) with the 
electric vector perpendicular to the CO;—~ planes, (1.e., 
parallel to the Z-axis) and a second (e) with the elec- 
tric vector parallel to the CO,- planes (1.e., in the 


Fig. 72. 


plane of the X- and Y-axes). But since the symmetry 
of aragonite is only pseudo-hexagonal, and is actually 
that of the orthorhombic system, it has three indices 
of refraction. These are: @,=1.530 when the electric 
vector is parallel to the pseudo-hexagonal Z-axis; 
8, = 1.681 when it is parallel to the pseudo-hexagonal 
X-axis; and y,=1.686 when the electric vector is 
parallel to the pseudo-hexagonal Y-axis. Aragonite, 
therefore, is not far from being a uniaxial crystal with 
w=1.530, and «= 1.683. 

Values found in the literature“) for the ionic 
refraction of calcium, carbon, and oxygen indicate 
that the calcium ions (Ica++= 1.99) are responsible 
for only about 15 per cent of the total refractivity 
of calcite. Assuming that the molecular volume of 
CaCO; in calcite (3%) is 

36.13 
the expression Ne’ in Equation (80) becomes (see 
Equation (75) 

N e*rn=3 r I Cat+ = 


0.165 (81) 


A EJA = seas eens: Soc. Seient. Fenn. Comm. Phys. Math., 1,37 (1923). 
is value is the one recorded by Groth and used by ragg. 
The actual density of calcite is 2.71, which gives a molecular volume of 
36.93, and a value for Ne? for Catt of 0.162. he final value of n (calcula- 
tions of the first approximation) on this basis is 1.459 as compared with 
Bage s value of 1.468. Since the difference is of the same order of magnitude 
t caused by the uncertainty in Iọ--, there is little point in trying to 
correct Groth’s value for the molecular volume. In any case, it would 
hardly affect the values for the differences in the correspondin ‘indices for 
calcite and aragonite. As Bragg has pointed out, it is these differences that 
are most important. 


Cr. COs Cr CO, Ge. 


Structure of Calcite (Bragg) 
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for the calcium ions in calcite. The corresponding 
molecular volume in aragonite is 34.01, giving a value 
for Ner of 0.175. The rest of the refractivity is to be 
accounted for by the carbon and oxygen. It remains 
to apportion the remainder between the carbon and 
the oxygen. Wasastjerna has shown 5) that ions 
and molecules of the type RO; have nearly identical 
refractivities. For instance Ráno, = 10.6; Rso,--= 10.8; 
Ryo,-= 10.4; Reo --=11.1. It is evident, therefore, 
that most of the refractivity is due to the three 
oxygens and that the element to which they are direct- 
ly combined in the crystal has but little effect. This 
fits in very well with the theories published by Lewis, 
Langmuir, Kossel, and others, in which they picture 
each of the three oxygens as having two extra elec- 


i H n o p J, 
AAO Y: 
A F 2 4 8 


(141) 


GDOOGDOOGLO Gr G3 Ma. CO, Ca 


(DOLOMITE) 


(This is Fig. 35 repeated) 


trons so that for our purposes they may be con- 
sidered as acting like negatively charged ions. In the 
case of the CO- radical, this leaves the carbon with 
only its positive nucleus and the two “K” electrons. 
The effect of such a Ct*** should be very small in 
comparison with that of the three O~- ions. On this 
basis the refractivity of O7- must be a little less than 
= =3.7. If, instead, we use the value from NO,- 


10.4 


it must be a little less than ar =3.5. Bragg assumes 


that the allowance for C++++ should be such as to give -` 
3.30 for the refractivity of O--. For oxygen, the value 


of Ner in Equation (80) is, then, 3 ae = 0.822 


in calcite, and 3 = 0.873 in aragonite where N 
is, as in Equation (69), the number of atoms (in this 
case oxygen ions) per cubic centimeter. 

Confining our attention for the present to calcite, 
we now have the following values ready to Bu pStInUES 
in Equation (80); 

for Catt, Nye?\,=0.165 
for O--, N@M = 0.822 
for Ctt++, Nse?\3=0 


(1.e., it is considered to be negligible in Equation 
(80) or an equation of this type). 


° 
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These are all calculated on the basis of the number 
of ions per cubic centimeter because our original equa- 
tions, such as Equation (69), were based on a volume 
of one cubic centimeter. 

It remains to find values for the coefficients C, and 
Cz. Since the refractivity of Cat+ is small, there will 
be but little error introduced into the final answer by 
calling Cyunity. Thevalue assigned to C,for the oxygen 
terms will depend upon how far we wish to carry our 
approximations in finding the radius of the sphere 
mentioned in the derivation of Equations (70) and 
(77). The roughest possible approximation, short of 
blindly calling C equal to unity so as to give the 
sphere a radius of zero, is to consider a sphere which 


Nd 


( 
BOX 


Fig. 73. Arrangement of Atoms in Calcite Looking Along the 
Short Diagonal of the Rhombohedron (Bragg) 


is SO small as to take in only the three O-~ ions of a 
single CO,- group; t.e., r in Equation (78) equals x. 
If in Fig. 75 the electric vector is perpendicular to the 
plane of the COs-~ group, then the polarization of 
each O-~ is given by Equations (77a) and (78) in 
terms of >: In Equation (78) r is 2.25 X 10-8 cm., and 
2 

since the X-axis is in the direction of the electric 
vector of the light wave, x=0. In Equation (77a), 
therefore, az= — 1 for each of the two oxygen ions at 
the circumference of the sphere. The negative sign 
indicates that the polarization represented by this 
term opposes that of the (E+24 P) e term. Equation 
(78) now becomes 


R 2 2 
x ( wget T Ose 
= (E+ P) m eT e7 de (82) 
es 
ze (z=) (E +3 P)e 
277° 
1 


is the Cz of Equations (79) and 


The factor 
1+ 


2270" 
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(80). The numerical value of this factor may be found 
by an equation like (81), 


N: \2=3 7 Io--=3.30X3 £ 


since 
es N: = No = Avogadro’s constant = 6.062 X 10” 
p 
and since 15 No e M‘=3.30 
we have e M = 1.63 X 1073 
eN 1.63 X 1073 
and ope LAS R 
2rro 2r (2.25)? 10-* 
C; is therefore a =0.815 
1.228 


Fig. 74. Arrangement of Atoms in Aragonite Looking 
Along the Z-axis (Bragg) 


We are now ready to substitute all our numerical 
values in Equation (80). Such a substitution gives 


0.165+ (0.815 X 0.822) 


a ee E 
ý 1—34 {0.165+ (0.815 X0.822)} 


=1.155 (83) 


or n=1.468 


Since the electric vector was assumed in Fig. 75 to 
be perpendicular to the plane of the COs- group, n 
will be the index of refraction for the extraordinary 
ray. The experimental value is 1.486. In view of the 
crude assumptions made in the calculations, the agree- 
ment is very satisfactory. 

In Fig. 76 the electric vector lies in the plane of the 
CO;-~ group and is in the direction of a line joining 
the carbon to one of the oxygens. This fixes the 
X-axis. The two oxygen ions on the circumference of 
the sphere have codrdinates 

x =1.95X 10 cm. 

y=1.125X 10-8 cm. 

23=0 


There will now be three 7 equations corresponding 
2 


to the three sets of arrows in Fig. 76. We will assume 
that the elastic properties of O-~ ions are the same 
along all three codrdinates so that ^g will be the same 
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in all three equations. The three s terms, however, 
will be different as the field strengths differ. Thus 


1l (= (1.95)? — (2.25)? 


2w — (E414 P) e+2.- Sop) € 
a ll ks Arro (2.25)? i 
` 3X (1.125) X1.95 m e)e 
(2.25)? sa 


=E(4+\% P) vam e (2.50 S2) @-+2.60 So.) e)e 
ATT? 


Ge 


a” N 7 
ace ee S,e 
2 s ee 


Fig. 75. Diagram of CO: — Group. The electric vector is 
perpendicular to the plane of the diagram (Bragg) 
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| 
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S2(b) € S2)e / 


S2@e 


Fig. 76. Diagram of CO,;-~ Group. The electric vector is parallel 
to the line joining the carbon to one of the oxygens (Bragg) 


Solving these three simultaneous equations we have 


He) = 1.36 (E+! Pre 


2 


20 = 1.07 (E+1% Phe 


2 
20 = 0.103 (E+ 34 P) e 
2 


The mean polarization in the direction of the elec- 
tric vector of the light wave is 


Cua t2 szo) e 1.17 (E414 P) F 
2 
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A corresponding calculation for Fig. 77 leads to the 
same value for the coefficient of E (+14 P) e. This is as 
it should be, because of the symmetry of the CO-- 
group. 

We are now ready to substitute the following values 
in Equation (80): 


for Catt, Nie =0.165; C; =1.00 
for O--, Noe*rAg = 0.822; C2=1.17 
e 
for Ct++t++, N3e?k3 =0 (considered to be negligible). 


This gives a calculated value for n in calcite of 1.676. 
Since the electric vector of the light wave is in the 
plane of the CO7- group, this should correspond to 
the index of refraction for the “‘ordinary’’ ray. The 
test value is 1.658. Here again the agreement is good 
when the rough approximations on which the calcula- 
tions were based are considered. 


\ 52@)e j 
N ly oN we 
S2 (b) e 
`~ ~ pe 
Sz4)e ——— 
So (©) e 
Fig. 77. Diagram of CO; — Group. The electric vector is parallel 


to the line joining two oxygen ions (Bragg) 


These calculations may be refined by using a sphere 
of larger radius around each oxygen so as to include a 
larger number of neighboring ions. Such a computa- 
tion ought, strictly, to take into account the effect of 
O-- on Catt, Catt on O--, Catt on Catt, and O-- on 
O--. If the radius of the sphere is increased from 
2.25 X 1078 cm. to 6.00 X 108 cm., each sphere in 
calcite would include 42 neighboring ions. In aragonite 
it would include 50. The uncertainty in the value for 
the ionic refractivity of oxygen makes it seem un- 
warranted to go through such a calculation without 
introducing certain simplifying assumptions. Bragg 
points out three assumptions of this sort, vz.: 


(1) Components of polarization not in the direction 
of the field are negligible except in the case of the two 
nearest oxygen ions. This assumption is justified by 


Shia 
2x9 in calcite. 


the previously determined value for 
2 


(2) The effect of Cat*+ on O-~ is negligible. Bragg’s 
computations show that this assumption affects the 
accuracy only in and beyond the third decimal place. 


(3) For Catt the constant C, is unity. 
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In Equation (82) the two oxygen ions on the sur- 
face of the sphere of radius 2.25 X 10-8 cm. introduced 


aterm —~. 2 ers. If the radius of the sphere 


de ATTY? 

is increased to 4.50 X 10-78 cm., additional ions are 
brought in whose effect is of the opposite sign, thus 
decreasing the value of the negative term. If the radius 
of the sphere is further increased to 5.5 X 1078 cm., the 
additional ions add a negative quantity to the previous 
result. If the sphere is increased to a radius of 
6.0X 10-78? cm., a small positive quantity is added. 
In other words, increasing the radius of the sphere 
adds alternately positive and negative quantities 
which rapidly decrease in amount with increasing 
radius. For a radius of 6.0 X 10-8 cm., Equation (82) 
becomes 


IEJ Pjes ens 
A2 4 


(84) 
RT? 

The variations in the second term of Equation (84) 
caused by further slight increases in the radius of the 
sphere are of the order of 10 to 15 per cent so that the 
variations in the calculated indices of refraction are of 
the order of one or two in the second decimal place. 
Using a radius of 6.0 X 1078 cm., we have the following 
values for C: in Equation (80): 


Calcite , 
(1) Polarization perpendicular to the plane of the 
CO;-~ group, C= 0.847. 
(2) Polarization parallel to the plane of the 
CO;-~ group, C= 1.100. 


Aragonite 


(1) Polarization perpendicular to the plane of the 
CO,- group (t.e., parallel to the Z-axis, and corre- 
sponding to the œ index of refraction), C= 0.874. 


(2) Polarization parallel to the X-axis, and corre- 
sponding to the 6 index of refraction, C:= 1.118. 


(3) Polarization parallel to the Y-axis, and corre- 
sponding to the y index of refraction, C= 1.100. 


The corresponding refractive indices are given in 
Table XXXII. The agreement between the cal- 
culated and observed values is considerably better 
for the larger radius of the sphere, and is clearly 
within the limit of error mentioned above. It is to be 
expected that a further increase would iron out most 
of the remaining differences, and even make the 
calculated value of y larger than that of £. 


Optical Properties of Other Crystals 

In the light of the preceding calculations it is 
possible to make some interesting inferences as to 
interatomic spacings in certain crystals. For instance, 
by assuming a succession of values for the distance 
between the O-~ ions in calcite it is possible to 
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compare the calculated values of the indices of refrac- 
tion with the values determined by test. It is more 
convenient to compare the values for the “ionic bire- 
fringence’’ of O--, which are found as follows: 
The ordinary “molecular birefringence” is found as 
the difference, Ra, — Rẹ between the molecular re- 
fractivity (R,) for the ordinary refractive index and 
the corresponding molecular refractivity (R,) for the 
extraordinary refractive index. The expression for 
molecular refractivity is given in Equation (74). 
TABLE XXXII 


Comparison Between Calculated and Observed Indices of 
Refraction for Calcite and Aragonite 


CALCULATED ORSERVED 
r =2.25 A. | r=6.00 A. 

Calcite 1.468 1.488 1.486 
1.676 1.631 1.658 

Aragonite 1.503 1.538 1.530 
1.730 1.694 1.681 
1.730 1.680 1.686 
1.730 1.687 1.683 


The ionic refractivities, R„’ and R,’, of O`- are found 
by subtracting the ionic refractivity of the metal ion 
from R,—R,. This gives the ionic birefringence of 
O--as R,'’—R,’. If we assume that the metal ion 
contributes about equally to both R, and R,, then 
R. — R.’ is approximately equal to R,—R,. 
TABLE XXXIII 
Dependence of Ionic Birefringence Upon Interionic 


Distances 
T . we Re (ARo- Ro 
1.00 13.55 6.75 6.80 
1.10 12.21 7.48 4.73 
1.20 11.33 8.01 3.32 
1.30 10.89 8.39 2.50 


Table XXXIII gives Bragg’s values for R,’—R,’ 


‘for different spacings between O`- ions in calcite. 


The value given by tests is 2.94. It is evident 
that the distance between O~- ions is between 1.20 
and 1.30 X 10 cm.; interpolation gives 1.245X 10-8 
cm. From x-ray diffraction data, W. H. Bragg “4” 
estimated this coefficient as between 1.24 and 1.34. 
Wyckoff, using the Laue method, estimated it (5%) as 
being close to 1.24. This illustration shows the pos- 
sibilities in using optical data to supplement the 
ordinary data of x-ray diffraction in determining the 
structure of crystals. For instance NaNO; has the 
same sort of structure as calcite, (399 but the molecular 


(137) W.L. Brakk Prac. Roy. Soc. 106, 346, (1925). 

(138) R. W. G. Wyckoff, Amer. Jour. Sct. 50, 317 (1920). 

(139) W. L. Bragg. Proc. Roy. Soc. 89, 468, (1914); R. W. G. Wyckoff , 
Phys. Rer. 16, 149, (1920). 
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birefringence is greater in the ratio of 4.83 to 2.94. 
Table XX XIII would seem to indicate that this 
means that the O-~ ions are closer together in the 
NO,- group than they are in the CO,- group. 
W. L. Bragg has made calculations similar to those in 
Table XX XIII for NaNO; using Wasastjerna’s value 
of 0.75 for the ionic refractivity of Nat. His calcula- 
tions show that the interionic distance between O~- 
ions of a single NOs" group is 1.09X 10 cm. This is 
consistent with the current pictures of the ionic struc- 
ture of NO,- and CO;-~, for the three O- ~ ions should 
should be more strongly attracted by Ntt++ than 
by Ctt+, 

Similar calculations on the birefringence of A120; 
lead Bragg to assign an interionic spacing of 
1.45—1.48X 10-8 cm. to the O-~ ions. This is to be 
compared with 1.45X10-° cm. as indicated by x-ray 
diffraction. 


003 


Conclusions 

It is in the very nature of things that our pictures 
of atoms, ions, electrons, etc. must be only approxima- 
tions to reality, for these pictures are all founded upon 
circumstantial evidence. If, however, such a picture 
based on one line of evidence is found to be consistent 
with still other evidence of an entirely different sort, 
we are encouraged to rely more strongly on the picture. 
The success of the calculations on compressibilities and 
photo-electric effects which were described in the pre- 
vious chapter, coupled with the success of the calcula- 
tions on the optical properties of crystals described in 
this chapter, lead ustobelieve that the pictures on which 
the calculations are based represent a fairly close ap- 
proximationtoreality. Itishard not to ‘‘believein”’ elec- 
trons, protons, atoms, and ions when their calculated 
properties arein suchclose quantitativeagreement with 
the known properties of the material world around us. 


(To be continued) 


Science and Invention 


HE neglect of research in fundamental science 
in this country—testimony given in the utter- 
ances of public men and in the press seem to 
indicate that it is being neglected—may be attribu- 
table to the fact that we are prone to give all the 
credit for the development of modern wonders 
to the inventors of such things as the airplane and 
the telephone, and none whatever to the men who 
discovered the principles and laws upon which these 
things are based. In thinking of the airplane, for 
example, the average man thinks of the Wright 
brothers and never gives a thought to Langley and 
the other pioneers in the principles of aerial flight. 
The same is true of the radio; many inventors have 
appeared in this field since DeForrest introduced his 
telephone, but all of the fundamental work was 
done by Clerk Maxwell and other investigators and 
researchers, who, perhaps, were little concerned 
with the possibility of talking great distances through 
the air. 

Inventors, as a rule, are the men who take the 
principles and laws discovered by scientists and apply 
them in the production of some new instrument or 
machine that is useful to man. Their work is im- 
portant, but it is not fundamental. The problem of 
applying principles often calls for great genius, but 
the work of discovering principles is more important, 
because it 1s more fundamental, because it makes the 
work of the inventor possible. 

Man has always been more or less adept at apply- 
ing his knowledge to useful ends. Progress, in the 
modern sense of the word, did not begin in the world 
until man began his search to discover the principles 
and laws that control the material world. Since he 


began to uncover these laws and principles, the 
advance of invention has been carried on at a tre- 
mendous rate—one after another, man has developed 
steam, electricity, the internal combustion engine, 
and the water turbine. These engines are the funda- 
mentals of power and the source of most of the energy 
that we use in the operation of other inventions. 
The telephone and telegraph, the airplane, the loco- 
motive and the automobile, all are possible because 
we have easily controlled sources of power with 
which to operate them. But even with full control of 
power, there could have been no progress but for - 
the discoveries of the principles and laws that con- 
trolled such apparently diverse things as lubrication 
and the ductility of metals. | 

Nearly every mechanical development that we 
have devised is based in one way or another upon 
the laws and principles discovered by Galileo, Newton 
and other pioneers in the field of pure science. The 
discovery of natural laws and principles must precede 
all invention. As wonderful as the progress based on 
the early discoveries of science has been, there is 
reason to believe that our knowledge of fundamental 
laws and principles is as nothing compared with 
those that remain to be discovered and that when 
discovered will be applied in the development of new 
inventions more remarkable than any we have yet 
known. 

Unless we search for these undiscovered laws and 
principles, we risk the danger of moving around a 
circle, just as the world had moved for thousands 
of years before science showed it the way to break the 
circle. 


— From Monthly Letter No. 106 of The American Exchange- 
Pacific National Bank, New York City. 
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Heaviside’s Operational Calculus as Applied 
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Part XXVI: Difficulties of Interpreting Power Series Developments 
Part XXVII: Linear Flow of Heat 
Part XXVIII: List of Operators and Formulas 


By DR. ERNST JULIUS BERG 


Consulting Engineer, General Electric Company 
Professor of Electrical Engineering, Union College 


It is not always possible to see the physical meaning 
of a power series. It may give a far more complete 
answer to a problem than is suspected by a super- 
ficial glance. 

As an illustration, consider an alternating e.m.f. 
E sin wt impressed on an inductive circuit. 

The operational solution is then, as set forth in 
Part VI, 

ee E F 
(P +w’) (r+ pL) 


If this is expanded by ‘‘algebrizing’’ we get 


wkTl a a a? — w? 
Llp p p“ 
_ a(a@-— u) n w- a? w+a? Ji 


p° p° 


PART XXVII: 


The differential equations pertaining to heat prob- 
lems in one dimension are identical to those of the 
“ideal” cable if the heat losses due to convection and 
radiation are neglected. 

Let Fig. 52 represent a section of a conducting wall 
one part of which is for instance metal, the other 


Zero 
Temperature 


Fig. 52 


part cork; and let us assume that a definite amount 
of heat is flowing to each unit area per unit time. 
Find the temperature at any point. 

Let V be the temperature above zero at any point 
in the material. 

Let t be the amount of heat given to each unit area 
per unit time. 

Let R be the heat resistance of the material; it is 
the temperature rise per unit length when unit heat 
flows through the material and steady condition has 
been reached. Thus Rt is the temperature drop per 
unit length. 


ape e 1s +(e °) 


kg 
case 


w) + = (wt atut+at)---] (125) 


|6 


It is not readily seen nor generally known that this 
series gives 


i= [sin (wt—6)+e~™ sin £] (126) 


which is the proper result not only for the permanent 
term but for the transient. 


+ 


; r 
In this case a= — and tan p= 


u) 
L a 


To prove it, expand Equation (126) in a power series. 


LINEAR FLOW OF HEAT 


Let C be the heat capacity per unit volume; it is 
the number of units of heat which are required to 
raise the temperature one degree. The temperature 


, . OV 
increases as x increases. The rate of increase is F 
x 


thus the difference in temperature over a distance dx 
is ea dx and this difference as has been stated is 
equal to :Rdx. 

= — — (127) 


There is a difference in flow of heat on each side of 
the element dx due to the heat absorbed. 


2 Ox 
Ox 


This difference is 


But heat capacity is by definition 


total heat absorbed 
temperature rise 


C= 


_ heat absorbed per unit time X time 
temperature difference 


Thus Cdx= ~ or — =C— 


(128) 
dV Ox dt 
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From Equation (127) — eee 
Ox R Ox? 
RN gs oad (129) 
Ox? dt | 
| aa = p CRV=n°V (130) 


`. Thus from Part XV 
V = K, cosh nx+ K: sinh nx 


Y 
t=— [K; sinh nx+ K; cosh n nx] 
n 


where Y = pC and n? = pCR 

If for x=0 (outside wall) V=0 
then Kı must be zero 
' V= K, sinh nx 


and 1 = Yk, cosh nx 
n 


From an electrical point of view we have really two 
ideal cables of different constants n, and n. These 
cables are connected in series and the far end is short 
circuited (since for x=0, V=0). At the generator 
a fixed current I 47 is supplied and the problem is to 
find the voltage at any point in the system. 

Referring to Part XIX, we substitute for the right- 
hand cable an impedance 2z: placed at the end of the 
first cable. 

This impedance is: 
V _ nı sinh nı l 


193 = — = — 


F (131) 
1 Yı cosh nı Lo 


We have then a single cable of length l with an 
impedance z, at the end of the line. 
The general equations for this line are: 


V = K, cosh nx + Ke sinh mx 
Y 
1= i [K sinh nx+ K: cosh nax] 
2 


In this case x is measured from the right-hand edge of 
the heavier shaded material towards the left. 


For x=0 V = 1029 G t222: = (Kı+0)= K; 
therefore V =t: [cosh mx+ K3 cosh mx] 


gan Kae eao 
t= — [izz: sinh n x+ K3 cosh mx] 
NY 


For x=0 t=: 
Ya Nalo 
Thus h = =k, or Kı = — 
Te Y 
For x=1, 1=14 
5 I1= — [ie sinh mht = cosh nal] 
I 
p= ak 4 


Y: [2 sinh mht a  SOSN nals 
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Thus the voltage at the junction between the two 
materials is 


Izin 


lo". = Ee a e ee S R, 

Ye E sinh mht cosh m 

and the voltage at any place x from the end of the 
short-circuited cable is from Part XV 


7 Izin sinh x 
Ye E sinh nel, + 3 cosh mh| 
2 


sinh nl, 


After substituting the values for 72, Zı and Z: we 
get 
V= IR, Resin mı x 


Rz mı cos mı lı COS Mele — Ry mz sin my, Sin male 


CR: 
CLR, 


The solution is very cumbersome and will not be . 
attempted. 

To introduce fractional differentiation another and 
simpler problem will be considered. Assume the wall 
in Fig. 52 has no metal lining, so that we may deal 
with the conduction of heat by one substance only. 

From the general equations for a short-circuited 
“ideal” cable of finite length we have 


Zip) =0 gives tan mil; tan Mole = 


sinh nx 


g ë 
sinh nl 
V cosh nx 
1=e, — 


n sinh nl 
Let again the flow of heat applied at x =l be I 4 


and 


Then e, = oa I 4 or since Zn 
Y cosh nl n 
ake SU onm _ Ksinmx yg (132) 
m cos ml sin ml mcos ml 


The first question is whether the Expansion 
Theorem can be used. Is p=0 a root? If it were, then 
as p approaches zero Equation (132) should approach 
infinity. That is not the case. As p approaches zero, 
Equation (132) becomes IRx. Therefore the Expan- 
sion Theorem can be used. 


Zıp) =0 gives cos ml=0 or ml = =! 


T 


2 
< becomes, after some transformations, = (—1)° 


Since cos ml=0 and sin ml=(—1)* 


YO —TRx 
Z (0) 
8 sinmx - 
a = ry rae ca] (133) 
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At the source of heat x=! 


EE (inp eT 


S = œ 
8 e` CR’ 2 = 
i EuN [- 2 =] Since n= V pCR we get 
s= si —_— 
ahere m= it e=RI |2 ja VRS eS g ae |: 
aa VCR |2 [3 
The same problem will now be considered from Sresi R ES ICR C R aE i CRY- SOE ] 
the point of view of an infinitely thick wall or an mC |2 2 | 4 
infinitely long ‘‘ideal’’ cable. Atike kenter G0) 
Referring to Part XXIV and measuring y from Sn 
the heated side: PE: V4 Rt 
i rC 
=A —ny = Y4 —ny 
MEFE es ae : Using the c gs. system and cork 
For weg i=14 -A= 211 R= ~= 10,000 and C= ~~ 0.07 
.256 
—ny 1 watt per sq. in. corresponds to ——— gram cal. per 
and ex ¢ 11-8 14 1000 
Y n sec. per cm.? 


PART XXVIII: LIST OF OPERATORS AND FORMULAS 


Equivalent Operators 


(1). a ae q= 1 


p+a i 
(2). L 4a! 
p—a 
1 1 
3). ——4%4=-— (l-e” 
(3) ee tie" ™) 
1 tb E 
4). ——— 1=--— + — 
i p (p+a) : a at! o 
(BG ee Fe ge 
(pta) (p+B8) a-B 
P 1 —£Bl — at 
6). ———— 4 = — — 
©). Gra) re) ane 
If wo? > a, wW = Wo? — a? and tan ¢= eal 
a 
Then 
p’ Wo —al |: 
(7). araa s e ™ sin (wt— e) 
—al 
(8) ——? 1=^ sinat 
P+2apt+oar? Ww 
1 1 Wo —at ] 
Oh ses a t 
Z Parto. Go? [: o Ee) 
If a? >w? and if (—m) and (—n) are the two 
roots of the equation p?+2ap+u,?=0, then 
p’ 1 —nl — mi 
10). ———*—__ 1 = —— — 
(to) we pr rere n—m yee = 
p 1 


[eo mt T =) 


11). —————_ 47 = 
£ ) ae EE i n—m 


(12). 


EE E (oy 
P+2apto” w. n—-mL m n 
If œ? =w, then, (two equal roots.) 


2 2 
sb isr iie 
pP +H2ap+ w? (+a) 

P 4 =t at _. p 4 
pP +H2ap+ w? (+a) 
a 
P+2aptws 
P i” 
(p—a)" 


1 1 
= — [1-¢“(1+at)]= 
1 cal oes at) Ta 


ENES a 
(p+B)? +? 
p (p+8) 
(p+8} +w? 
sin regj LRE as cos ¢ + p° sin @ 


pot 


T’ cos wt = 
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eas ce oreg Estre esa ty (47). f cosh axdx =~ sinh » 

(26). e% sin (wt=¢) e (48). sinh x=x (+5) (1 +=) (3 +=) 
(27). ©" cos (wt+¢) = TT = f (1+ 2) 

(28). (ra) e at aa ~ Jo Gat) (49). cosh v= (1+-5) (+=) (1+) 
(29). ae rae Jo (at) = TI [1+ = T 

(30). P di — w) 


ate tite oo. soe fr-()]P-(2)]P-(2)] 


= A a (a? — w?) +5 (w — a?w?-+ a?) 


“cntecoae ARER 


1 ; EE ee 
Ta [sin (wt—8) +7 ~“ sin 6] 
sin 8 =si tan~! ©) — 7 (51). cos x= [1-(2*)'] h-E] [p-(2))] 
sia all are re f ae oe 
Relations Involving Hyperbolic and Allied Functions = [| | i= eal 
es } 5 rt (2s — 
(31). ¢**= sje i Goine =cosh x + sinh x 
2 3 (52). sinh (x = sy) = sinh x cos y  ĵ cosh x sin y 
(32). e =1=+jx— : viz + e -=cosx +7 sinx = Vsinh? x + sin? y pi 
(2° 
coe? (53). cosh (x = jy) = cosh xcos y = J sinh x sin y 
(33). aii 5 anil 9 = V cosh? x — sin? y |e 
jx —jx : ; ERE . i 
Gi kas +5 ata Te E: +e (54). sin (x = sy) = sin x cosh y = j cos x sinh y 
2 =V sin? x + sinh? y |¢s 
7 x? x8 1—7 E 
(35). sinx BE Tis a ae = F (55). cos(x = fy) = cos x cosh y = j sin x sinh y 
x2 xt it dt = V cos? x + sinh? y Kz 
(36). cos x =1 x tig Ce ee ee ee a i 
2 |4 2 Where tan ġı= coth x tan y 
(37). sinh jx=} sin x tan ¢.= +tanh x tan y 
(38). cosh jx =cos x tan ¢;= +tanh y cot x 
(39). sin jx=7 sinh x tan ¢,= tanh y tan x 
40). cos j7x=cosh x 
$20) l Factorials and Miscellaneous Formulas 
(41). sinh (—x)= —sinh x 
(42). cosh (— x)= cosh x 
(43). cosh? x—sinh? x=1 
d . 
(44). — sinh ax =a cosh x 
dx 
(45) £ cosh ax=a sinh x n n n—1 n(n—1) n„-2 
: (56). (x+y) = x" + nx" y+ -a A a 
(46). f sinh asdz=- cosh x ge G z 2) gn 3 ype 
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(57). 


(58). 


(59). 


(60). 


(61). 


(62). 


(63). 


(64). 


1 11. 113 
Vl=x=1+-y— -7x 
- 2° 24 246 
135 


x?<] 


E ee re ee eee 


1+x 


1 - =1 #23 4p 


Ta a 
4 3 5 
ES, E oe 
8 3? 5 By Fourier’s 
art 1 1 Series 
ke LF 52 + 32 F 
E S E E 
12 2 3? 4? | 

Yop) _Yo Yip) e 

Zi») Zio) BP p 

dp 
1 1 e” 
Se es + 
Ho Hio 2> p H'op) 


“Shifting” Theorem 


f (p) (u e“) =E" [f (p + æ) u] 


(Where u is a function of t.) 


Duhamel’s Theorem 


f()=Ew o (t) + [een Ear 


ô (T) 


-Ene (0) + | En 286-D gp 
o ðt 


d t 
= dt f Eo $ (t—T)aT 


d t 
a | Ee-Demar 


fon E Purr coe 


SF yeast f E(t-T) E aT) 


GENERAL ELECTRIC REVIEW 


t | 
e “f e” sin (wT + ô) dT 
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= 4/3 [cosx -Żcos5z += cos ae eoii ] 
3 5 T 11 
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3 3 3 3 3° 3 0.02 0.98 | 0.30 0.741 | 0.85 0.427 | 2.0 0.135 
0.04 0.96 0.35 0.705 | 0.90 0.407 | 2.5 0.084 
0.06 0.942 | 0.40 0.67 0.95 0.387 | 3.0 0.05 
0.08 0.923 | 0.45 0.638 | 1.0 0.368 | 4.0 0.018 
0.10 0.905 | 0.50 0.607 | 1.1 0.333 | 5.0 0.0067 
0.12 0.887 | 0.55 0.577 | 1.2 0.301 | 6.0 0.0025 
0.14 0.870 | 0.60 0.549 | 1.3 0.273 | 7.0 0.0009 
0 2m 471 6n 0.16 0.852 | 0.65 0.522 | 1.4 0.247 | 8.0 0.00034 
0.18 0.835 | 0.70 0.497 | 1.5 0.202 | 9.0 0.00012 
0.20 0.819 | 0.75 0.472 | 1.8 0.165 | 10.0 0.00004 
x 4 1 1 o l 
yr: (cos x+ 32 cos 3x Te COS OX ttt ) A very complete bibliography can be found in 
S “Electric Circuit Theory and Operational Calculus,” 
y=x, 0< x< r; y=—x, —7<x<0 by John R. Carson (McGraw-Hill & Co.). 
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Arc-weld Rail Bonds 


RC-WELD rail bonds are becoming more 
A generally used because the metallic arc- 
welding process enables this type of bond to 
be applied to any part of the rail without special 
equipment and the contact thus obtained between 
bond and rail is not subject to electrolytic action or 
corrosion; moreover, the union has both great mechan- 
ical strength and low electrical resistance. The welded 
contacts also discourage theft of the bond. 
In some types of arc-weld bonds, steel terminals 
are electrically welded to the copper conductor 
during the process of manufacture. This forms a 


Fig. 1. Arc-welded Bond for Attaching 


to the Rail Head 


Fig. 2. The Same Type of Bond as Shown in Fig. 1 
After Being Welded to a Rail Joint 


union between the two metals which is not affected 
by the heat of the arc during the later process of 
welding the bond to the rail. The joining of the copper 
conductor to the steel shell at the factory leaves but 
the familiar steel-to-steel weld to be made in the field. 

In the arc-weld bonds shown in Figs. 1 to 6 the 
construction is fundamentally the same; they differ 
only in. the shape of their terminals, which are 
formed for application to various parts of the rail. 
The terminals are of liberal design and provide a 
contact area corresponding to approximately six times 
the normal current capacity of the bond. 

A recent improvement in the arc-weld bond is the 
addition of a copper sleeve that is placed around the 
copper conductor at the point where the conductor 
emerges from the steel terminal. This sleeve, by 
deadening vibration, prolongs the life of the conductor 
strands. 

The metallic-electrode welding process enables the 
bonds to be applied with any form of arc-welding 
apparatus—motor-generator, dynamotor, or any form 
of ballast-resistor set—and the electrode may be 
either positive or negative. To obtain best results, 
the spot on the rail to which the bond terminal is to 
be attached should be thoroughly cleaned of any 
dirt, rust, or annealing scale by means of a file or 
steel-wire brush. After preparing the rail, the bond 
terminal should be clamped or otherwise held in 
position long enough to ‘‘tack’’ it fast with the arc. 
The usual practice of welding can then be followed. 
In applying arc-weld bonds, it has been found advis- 
able to employ a short arc and a current of about 
130 amp. at a welding voltage of 20 volts, this being 


the average voltage required for successful welding 
with the metallic electrode. Steel electrodes of 
either ;3;- or #;-in. diameter are used for the work. 
The approximate amount of welding wire required 
for installing arc-weld bonds may be estimated 
from Table I. 

The bond shown in Figs. 1 and 2 may be used in 
either the single- or double-conductor form. Both 
are equipped with L-shaped terminals and are de- 
signed for application to the head of the rail. They 
are suitable for either single or double bonding. 
The standard overall length of bond up to 4 .U 
capacity is 71⁄5 in. 

The bond shown in Fig. 3 is especially designed for 
installation around the splice bar close to the web 
of the rail with the terminals welded to the rail 
base. The overall length of the bonds of 1/0 and 
2/0 capacity is 8 in. greater than the splice bars, and 
9 in. greater for those of 3/0 and 4/0 capacity. The 
design of the terminal employed makes this bond 
suitable for application to the head of the rail when 
Weber joints are used. The overall length of the 
8/0 and 4/0 bonds in this case is 10% in. 

The bond in Fig. 4 is the same as that in Fig. 3 
except that a sharpened hook is added as part of the 
terminal. This hook is thin and sharp at the end, 
and can be driven under the rail base on the top of a 
tie in case there is one there. The hook keeps the 
terminal near the edge of the rail base and is of 
great advantage in holding the bond in position while 
welding. The overall length of the bonds of 1/0 and 
2/0 capacity is 7 in. greater than the splice bars, and 
8 in. greater for those of 3/0 and 4/0 capacity. 


Fig. 3. Bond for Installation Around the Splice Bar with 
Its Steel Terminals Arc Welded to the Rail Base 


(4b) 


Fig. 4. Bond Similar in General to That in Fig. 3 but 
with the Addition of Sharpened Hooks 


Other forms of bonds, Fig. 5, are designed! for 
application around the splice bar and for welding 
to the top of the rail base. In one type the terminals 
are semicircular in section, and by placing the flat 
side against the rail base the welding can be carried 
along both sides as well as the end of the terminal. In 
another type the terminals are flattened and tapered 
to a thin edge at the ends, thus providing a wide 
welding surface. The welding is carried from the 
rail up over the tops of the terminals. This feature 
is advantageous for rails having a narrow base. The 
overall length of either type in 1/0 and 2/0 capacity 
is 7 in. greater than the splice bars, and 8 in. greater 
for those of 3/0 and 4/0 capacity. 


ARC-WELD RAIL BONDS 


Another form of bond, Fig. 6, has been developed 
for all cross bonding. The entire bond is located 
below the rail base so that all parts of the bond are 
thoroughly concealed and protected from derailed 
mine cars or dragging equipment. The usual overall 
length is 6 in. greater than the track gauge. 

Improved arc welding methods now make possible 
the attaching of a steel-terminal bond to a rail without 
first having the copper conductor welded into the 
steel terminal during the process of manufacture, as 
has heretofore been considered essential. The welding 
in the field is accomplished by a flux-coated copper 
electrode of either ;- or 14-in. diameter. 


TABLE I 


Approximate Amount of Welding Wire Required for 
Installing Arc-weld Bonds 


Type of Bond Illustrated Capacity ane pie 
Figs. 1, 2, and 6......... 2/0 10 
4/0 18 
Figs. 3, 4, and 5......... 2/0 14 
4/0 22 
Pond cn E Eee Needs 2/0 28 
4/0 28 
Bigs: Borro nao 2/0 30 
4/0 40 


‘The application of these bonds requires no instal- 
lation accessories. The terminal design permits free 
manipulation of the arc and easy welding. The copper 
sleeve, already described in connection with the 
other types of bonds, is also incorporated as a part of 
this type. . 


oll 


The attaching metal should be washed up over the 
copper strands, care being taken that all strands are 
welded in one mass. The operator should hold his 
electrode at such an angle that, during the greater 
part of the time, the arc is directed toward the rail 
inasmuch as the rail, being the larger mass of metal, 
will require more heat to insure proper penetration. 

This type of bond can be installed with any stand- 
ard arc-welding apparatus at a current of 180 amp. 
A convenient equipment is a resistor outfit of 200 
or 300-amp. capacity, using 400/650 volts for rail- 
way work or 200/275 volts for mine track. 


(7a) 


(7b) 


Fig. 7. Bond with Skeleton Terminals Designed to be Built up 
to Final Form When Being Arc Welded to the Rail Head 


(Sc) 


Fig. 5. Semicircular-terminal Bond, Its Location When 
Installed, and a Tapered-terminal Bond 


fo A 


(6b) 
Fig. 6. Steel-terminal Arc-weld Cross Bond and Its 
Location When Installed 


When installing these bonds, the place on the rail 
where the bond terminal is to be set should be cleaned 
of all rust or scale. The terminal should then be 
clamped or held in position and the arc started at the 
end and carried along the bottom toward the ends of 
the copper strands that project through the terminal. 


(8b) 
Fig. 8. Bond Similar to That in Fig. 7 in That the Welding 
of the Conductor to the Terminal to the Rail is 
Accomplished in One Operation 


Fig. 7 shows a double-conductor bond for applica- 
tion to the rail head. In this position there is ample 
space for filler metal between the rail and the strands 
that project through the terminals; also, the bond is 
tilted to clear the splice bar. The terminals then 
slope downward from the top of the rail and are thus 
protected from possible damage. This bond is com- 
monly used in 7- or 714-in. lengths for 4/0 capacity. 

Fig. 8 illustrates a new form of bond for use in the 
base of the rail around the splice bar. The terminals 
are provided with hooks to go under the rail and 
are of great advantage in holding the bond in position 
while welding. These hooks are thin and pointed at 
the end, and can be driven under the rail even though 
there is a tie at the point of application. In 1/0 and 
2/0 capacities, the overall length of the bond is 
7 in. greater than the splice bar. For the 3/0 and 4/0 
capacity bonds, the overall length is 8 in. greater 
than the splice bar. 
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Arc Welding 


Metallic Arc Welding Electrodes; A Study of the Effects 
of Surface Materials. J. B. Green. 
A.I.E.E. Jour., June, 1928; v. 47, pp. 427-430. 
(Abridgment. ) 


Bearings 
Anti-Friction Bearings for Electric Motors. J. S. Murray. 
Iron & St. Engr., June, 1928; v. 5, pp. 243-248. 


Circuit Breakers 


Superimposed High-Frequency Currents for 
Breaker Control. Leon R. Ludwig. ` 
A.I.E.E. Jour., June, 1928; v. 47, pp. 401-406. 


Coal Handling 


Fuel Handling and Ash Disposal; Methods and Equipment 
Used on the Philadelphia Electric Company 
System. J. R. McCausland. 

Mech. Engng., June, 1928; v. 50, pp. 454-458. 


Daylight 
Daylight, Artificial Light and Artificial Daylight; Their 
Merits and Drawbacks. J. S. Dow. 
Illum. Engr., June, 1928; v. 21, pp. 167-174. 


Electric Arc 
Theory of the Electric Arc. Joseph Slepian. 
W. Soc. Engrs. Jour., Apr., 1928; v. 33, pp. 173-183. 
(Discusses the nature of the electric arc and its 
behavior in air, in vacuo, and under pressure.) 


Circuit- 


Electric Distribution 


Low-Cost Rural Construction. George W. Kable. 
Etec. Wld., May 19, 1928; v. 91, pp. 1015-1017. 
(Methods and costs for rural distribution lines.) 


Electric Drive—Steel Mills 


Selection of Main Drive Motors for Strip and Skelp Mills. 
’ Kenyon. 
Iron & St. Engr., June, 1928; v. 5, pp. 248-255. 


Selection of Motors for Main Drives of Merchant, Bar and 
Rod Mills. C. B. Houston. 
Iron & St. Engr., June, 1928; v. 5, pp. 218-229. 


Electric Heating, Industrial 


Industrial Electric Heating, with Details as to a Variety of 
Applications. Odin Wilhelmy. 
Elec. Lt. & Pr., June, 1928; v. 6, pp. 65-66, 116-117. 
(Serial. ) 


Electric Motors 


Characteristics That Determine the Selection of Motors. 
Theo. Schou and C. P. Robinson. 
Elec. Mfg., June, 1928; v. 1, pp. 128-131. 
(‘‘No. 1 of a Series discussing motors of different 
types.’’) 


Electric Transmission 


Progress and Problems from Interconnection in South- 
eastern States. W. E. Mitchell. 
A.I.E.E. Jour., June, 1928; v. 47, pp. 415-419. 
(Abridgment. ) 


Elevators, Electric 


Fundamentals of Modern Elevator Services. Bassett Jones. 
Power, May 29, 1928; v. 67, pp 966-968. 


Excess Voltage 


Surge-Voltage Investigations on the 140-kv. System of the 
Consumers Power Company During 1927. J. G. 
Hemstreet and J. R. Eaton. 

A.I.E.E. Jour., June, 1928; v. 47, pp. 441-444. 
(Abridgment.) 
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Hydroelectric Development 


Power from Pumped Water. E. J 
Elec. Wid., May 12, 1928; v. H „pe 959-965. 


. Amberg. 


(Abstract of a paper before the A.I.E.E. describing 
the Rocky River development of the Connecticut 
Light & Power Co. Water is pumped to a storage 
reservoir for later use.) 


Lightning 
Some Electrophysical Conditions Determining Lightning 
Surges. Harald Norinder. 
Franklin Inst. Jour., June, 1928; v. 205, pp. 747-765. 
(A study of the nature of lightning surges in trans- 
mission systems.) 


Locomotives, Steam Turbine 
2000 H.P. Ljungström Turbine Locomotive. 
Int. Rwy. Cong. Assoc. Bul., May, 1928; v. 10, pp. 
429-441. 


Nozzles 


Fifth Report of the Steam-Nozzles Research Committee. 
I.M.E. Proc., No. 1, 1928; pp. 31-121. 
(Presents the results of extensive tests.) 


Power Costs 
Discussion of the Elements Entering into the Cost of 
Producing Power. W. B. Skinkle. 
Iron & St. Engr., June, 1928; v. 5, pp. 278-290. 


Power Plants, Electric 
Dividing Load Economically Among Power Plants by Use 
of the Kilowatt— Killowatt-Hour Curve. A. Wilstam. 
A.I.E.E. Jour., June, 1928; v. 47, pp. 430-432. 


Radio Engineering— Detection 


Detection with the Four-Electrode Tube. J. R. Nelson. 
Inst. Radio Engrs. Proc., June, 1928; v. 16, pp. 822-839. 


Radio Engineering—Transmission, Directional 


Beam Transmission of Ultra Short Waves. Hidetsugu Yagi. 
Inst. Radio Engrs. Proc., June, 1928; v. 16, pp. 715-741. 


Radio Engineering—Transmission, Short-Wave 


Short Wave Radio Communication. C. W. Horn. 
W. Soc. Engrs. Jour., Apr., 1928; v. 33, pp. 193-200. 


Steam Turbines 
Turbine Blading Problems. S. M. Robinson. 
Am. Soc. Nav. Engrs. Jour., May, 1928; v. 40, pp. 
223-228. 


Switches and Switchgear, Automatic 


Automatic Switching of Incoming Lines and Transformers 
Supplying Power to A-C. Substations. A. E. Ander- 
son. 

A.I.E.E. Jour., June, 1928; v. 47, pp. 423-426. 
(Abridgment.) 


Transient Phenomena 


Quantitative Mechanical Analysis of Power System 
Transient Disturbances. R. C. Bergvall and P. H. 
Robinson. 


A.I.E.E. Jour., June, 1928; v. 47, pp. 419-423. 
(Motion pictures are taken of mechanical models in 
order to estimate the transients that may be expected 
on a 220-kv. line. Abridgment.) 


Vacuum Tubes 
Four-Element Tube Characteristics as Affecting Efficiency. 
David C. Prince. 
Inst. Radio Engrs. Proc., June, 1928; v. 16, pp. 805-821. 
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NEW BOOKS 
(These and other Technical Books may be purchased through the Circulation Dept. of the GENERAL ELECTRIC REVIEW) 


Abrasive Handbook. Fred B. Jacobs. 547 pp., 1928, Cleve- Isolierte Leitungen und Kabel. Ed. 3, rev. Richard Apt. 
land, Penton Pub. Co. 235 pp., 1928, Berlin, Julius Springer. 


; ; ; (A discussion, interpretation and elaboration, in German, 
Diesel Engine Design. Ed. 3. H. F. P. Purday. 360 pp., of the standards for insulated wire and cable issued by 
1928, Lond., Constable & Co. 


the German “Verband Deutscher Elektrotechniker.”’ 
Die Symbolische Methode zur Losung von Wechselstromauf- The publication of this third edition was made neces: 
gaben. Ed. 2, enl. Hugo Ring. 80 pp., 1928, Berlin, 


sary by the recent changes in the standards them- 
Julius Springer. 


selves, as well as by the more stringent performance 
(In this 80-page German booklet the author explains 


requirements set for electrical conductors in general. 
the nature and characteristics of the complex quantity 
and shows how it may be applied to the solution of 
various alternating-current problems. It is primarily 
addressed to the practical operating or designing 
engineer, and the problems selected for discussion are 
such as would be met in actual practice. In each case 
the author first states the problem and then gives its 


The ever-increasing demands of the electrical industry 
for conducting materials which will operate with a 
high degree of safety under the various conditions 
imposed are in many instances quite different from 
those of a few years ago. This booklet discusses those 
requirements in their relation to the German electrical 
standardization rules.) 


complete solution by means of complex numbers. This Lehrbuch der Elektrodynamik. Vol. 2: Makroscopische 

little work is in its second enlarged and revised edition, Elektrodynamik der Materiellen Korper. J. Frenkel. 

the first edition having appeared in 1921.) 505 pp., 1928, Berlin, Julius Springer. 

(The first volume of this advanced treatise, in German, 
on the mathematical theory of electricity and mag- 
netism was published in 1926 and has been previously 
noted in these columns. This second volume treats 
exclusively the subject of ‘‘macroscopic’’ electro- 


Erdstrome: Grundlagen der Erdschluss- und Erdungsfragen. 
Franz Ollendorff. 260 pp., 1928, Berlin, Julius Springer. 

(This German volume presents an extensive mathe- 

matical study of the earth currents resulting from the 


operation of our various electrical installations and 
systems, especially those in which the earth is included 
in the circuit as a return conductor. These have long 
been known as “vagabond” or “‘stray’’ currents, and 
their effects and behavior have been studied to some 


dynamics, the first part dealing with the fundamentals 
of macroscopic theory, and the second part with some 
general problems of macroscopic theory. A third 
volume is promised for the near future.) 


extent, but it has remained to the author to give usa Leitfaden der Lichttechnik fiir Unterricht und Praxis. 
complete summary of their behavior and to explain W. Voege. 80 pp., 1928, Berlin, Julius Springer. 

the theory of their calculation. His methods and (This little volume is an outgrowth of a course of lectures, 
observations are based on experiences and investiga- which the author gave in Hamburg, primarily for the 
tions at the Sitemens-Schuckert Works, Germany. benefit of lighting installation men and other practical 
A five-page bibliography cites additional literature for workers in the lighting field. It discusses briefly, and 
each topic treated by the author.) in an elementary way, the fundamentals and units 
involved, measurement of light sources and illumina- 
tion, the laws of physics underlying illumination 
practice, sources of light, various lamps and lighting 
units, and the principles of design of outdoor and 
indoor illumination. A three-page table of constants 
and a brief subject index are provided.) 


Hilfsbuch fiir die Elektrotechnik; Swachstromausgabe. Ed. 
_ 10, rev. Karl Strecker (Editor). 1137 pp., 1928, Berlin, 
Julius Springer. 

(Originally this well-known German handbook was 

eee in Sea but im its present revision it 

as been divided into two volumes covering, respec- a E , 

tively, the fields of heavy-current engineering A Matter, Electricity, Energy. Walter Gerlach (Tr. by Francis 
weak-current engineering. The present volume pertains J. Fuchs.) 427 pp., 1928, N. Y., D. Van Nostrand Co. 

to weak-current engineering. It is edited by a promi- (The sub-title of this work, Principles of Modern 


nent German engineer and educator who has had the 
co-operation of numerous German specialists. It 
contains sections one, two and four of the complete 
handbook, section three forming the other volume and 
dealing with heavy-current engineering. Section one 
of the volume at hand comprises 103 pages and gives 
the principles of mechanics, heat, electricity and 
magnetism, and includes the standard mathematical 
tables and formulas. Section two presents a 147-page 
review of methods of electrical measurement. 
Section four is the most extensive, being divided into 
seven parts which deal with such subjects as sources 
of power and types of current used in electrical 
communication, theory and construction of overhead 
and underground telegraph lines, telegraph systems 
and apparatus, telephony in all its phases, signaling 
and alarm systems, electric clocks, and radio engineer- 
ing. An 18-page subject index completes the volume.) 


Atomistics and Experimental Results of Atomic 
Investigation,” gives the reader a more definite con- 
ception of what it covers. It has been translated into 
English from the second German edition. The preface 
to the first German edition states that this work 
differs from previous works on the subject in the 
manner in which the subject is treated. The inten- 
tion is to avoid detailed and exhaustive treatment of 
the development of the atomic theory and of its appli- 
cations to inorganic and organic chemistry and to 
mineralogy and astronomy. It is written to appeal 
more directly to the chemist, the mineralogist, the 
technical physicist, the engineer, and to all students 
of natural science. The author says that no special 
technical knowledge of any sort is presupposed, 
“except on occasion.” The book consists of a series of 
interdependent lectures, each a unit in itself. This 
enables the reader to select for his study such subjects 
as appeal to him, without the necessity of reading all 
which precedes. The treatment is not intended to be 


Intermediate Electricity and Magnetism. R. A. Houston. 
170 pp., 1928, N. Y., Longmans, Green & Co. exhaustive but, rather, to stimulate the reader and 
(An elementary text prepared for the students of English thoroughly ground him in the more modern views of 
schools. The author states that he has ‘‘endeavored atomic theory. Some subjects treated in the thirty 
to make the treatment as clear and attractive as chapters are: Atomic Rays and Atomic P roblems 
ossible,” and that he has ‘‘added a chapter on Solved by Their Means; The Magneton; Spectral 
lectrical Oscillations and Waves which seems to be Emissions and the Periodic System of Elements, The 
required as a result of the development of broad- Photoelectric Effect; The Physical Basis of Photo- 
casting, although this subject is not usually included chemistry; Electron-Affinity; Radiation Measure- 
in books is this scope.” The volume includes considera- ments; and Atomism and Macrocosm. ) 

tion of the common electrical and magnetic phenom- ns pani 
ena, electric measurements, and the like, and includes BP saa a ay oe ee ae aay ap yeaa Ralph 

a chaper on ‘‘Cathode Rays, X-rays, and Radio- ae Bn PP., 1 oN Ee SAATDE roS. 


activity,” as well as the one on “Electrical Oscillations Principles of Mechanical Refrigeration. Ed. 2. H. J. Macin- 
and Waves.” A short list of problems accompanies tire. 317 pp., 1928, N. Y., McGraw-Hill Book Co., Inc. 
each chapter, and a compilation of typical English ' l i i 

school examination questions on the subject matter Scientific Purchasing. Edward T. Gushée and L. F. Boffey 
covered brings the volume to a close.) 196 pp., 1928, N. Y., McGraw-Hill Book Co., Inc. 
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SENSES 


How much do we know about our senses? 

How many senses have we? A few years ago we 
should have said without hesitation, five; and recited, 
if we remembered them all—seeing, hearing, smelling, 
tasting, and feeling. This is all we learned about our 
senses at school, but now our modern physiologist 
doubles this number and adds the sense of heat, the 
sense of cold, the muscle sense, the sense of equilib- 
rium, and the sense of pain. 

Our physiologist assures us that the sense of heat 
and of cold are separate senses and that we have 
specialized nerves for conveying each sensation to the 
brain. If one set of these nerves is destroyed we can 
feel heat but not cold and vice versa. But unlike our 
senses of seeing, hearing, smelling, tasting, and our 
sense of balance, our senses of heat and cold have no 
well defined end-organs, but consist of innumerable 
nerve-fibers distributed in the skin all over our bodies. 
In this respect they resemble the sense of touch. 
He also tells us that our sense of balance has well 
defined end-organs in our inner ears, one on each side 
of the head, and if these are damaged we cannot walk 
straight and if damaged or diseased in birds they lose 
their power of flight. 

Many books, even libraries of books, have been 
written on each of our senses and our nervous system, 
about their evolution, the most fascinating of studies, 
their physiology (habit and function) and their 
morphology (form and structure), but there is still 
lots more to be learned. 

These senses and their end-organs, e.g., eyes, ears, 
etc., areall part of our nervous system, which, among 
a host of other functions, has highly specialized nerves 
for connecting these end-organs, or our instruments 
for perceiving objects, sounds, tastes, smells, etc., 
with our brain—where dwells the seat of human 
consciousness. | 

So far as is known it is through the medium of our 
senses and our sense organs that we have our only 
contact with the outside world. 

It would appear that our central nervous system is 
in some way related to our consciousness and con- 
stitutes the physical basis for the association of ideas 
and that it is in our nervous system that we store 
memories and thoughts and register experiences for 
future use. Also, in some way we do not at present 


understand, our very personalities are inseparably 
bound up with our nervous systems.We are either 
nice or nasty, witty or dull, quick or slow, useful or use- 
less, according to the physical condition of our nerves. 

J. Arthur Thomson, in “The Control of Life,” says: 
“Some people believe that our inmost self uses the 
nervous system as a musician uses a piano.” But here 
we enter into that age-long discussion which was 
revived at last year’s meeting of the British Associa- 
tion by Sir Arthur Keith—that brilliant physiologist, 
morphologist, and embryologist, who for many years 
has been Hunterian Professor and Conservator of the 
Museum at the Royal College of Surgeons, London— 
taking the negative view; and this year again before 
the same Association by Sir William Bragg—the 
director of the Royal Institute of Great Britain—who 
took the affirmative view, ‘‘has man a soul?” This, we 
confess, is too difficult a subject for us, so we leave it 
where it has stood throughout the ages and simply 
quote Tennyson in “The Ancient Sage”: 

“‘Thou canst not prove that thou are body alone, 
Nor canst thou prove that thou are spirit alone, 


Nor canst thou prove that thou are both in one: 
$ s s s s 


For nothing worth proving can be proven 
Nor yet disproven.” 


We started thinking on the above subject after 
reading an article by Mr. H. M. Hobart, published 
in this issue, entitled, ‘Things We Don’t Think Of,” 
and some expressions he uses, such as, “If we were 
better read,” ‘‘thought of almost everything,” and 
“if we had better minds or better trained minds.” 
And we started wondering what it was we had to 
train better. 

We are always optimistic, especially of the future. 
We always believe in progress, we believe the world 
gets better and more worth living in every year. Then 
we remembered or half remembered one of those 
wonderful sayings of the wise old Confucius—which 
ran something as follows: 

‘You sow a thought and reap a habit; 


You sow a habit and reap a character; 
You sow a character and reap your eternal destiny.” 


We came to the conclusion that we certainly had 
some things that ought to be better trained that would 
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make us think more correctly, and if our senses and 
sense organs form the only contact we have with our 
environment and the outer world, they should be as 
highly trained as possible. 

We suspect that when we went to school we did 
many things to train our senses, but we certainly were 
not trained to use our senses as such. 

In our modern kindergartens and Montessori 
schools children are trained to use their senses, both 
individually and collectively. They are taught the 
use of their. eyes in distinguishing colors and they 
learn the names of colors (we never did); they are 
taught to distinguish forms; they are taught sounds; 
to distinguish different smells and different tastes, 
and specially they are taught to develop their sense 
of touch. They are taught their alphabet and how to 
form their letters in writing by constantly running 
their tiny fingers over letters cut out of sandpaper, 
so that long before a pencil is put into their small 
hands they can write, and as soon as given a pencil 
they do write. They are also taught to develop their 
sense of balance by being made to walk along a straight 
line on the floor. And it all seems like play! 

After our children and grandchildren have been 
trained in this direction for some generations—and it 
will require many generations to pass before the true 
result is known, because heredity plays many tricks 
on us—won't they be better fitted to live in a more 
complicated world? Because the world is getting more 
complicated all the time. Won’t many things that 
require conscious effort for us become a matter of 
habit to them? Judging correctly of color, sounds, 
forms, dimensions, and a hundred and one things 
that we can't think of now, because they will be new 
things and we don’t know them. If instincts are 
inherited habits, as we are taught, how many other 
things will be performed subconsciously by our 
better trained grandchildren that now require con- 
scious mental effort for us? 

After a few generations of radio and motor cars, 
etc., won't there be many instincts inherited by 
our great-great-grandchildren that we did not inherit? 

We are children of the past—our grandchildren will 
be children of the present and future. Won’t they 
make better engineers and scientists than we? It 
seems to us that the answer is largely in the 
affirmative. 

Surely evolution hasn’t stopped. In spite of the 
fact that man has himself assumed the proud 
title of Supreme Mammal we must remember that 
all our senses have taken ages upon ages of 
evolution to enable us to live better in our par- 
ticular environment; to enable us to procure food— 
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to multiply and to protect ourselves from innumer- 
able enemies. 

In many respects our sense organs are less highly 
developed now than they were years ago when the 
struggle for existence was greater. Man is neither 
complete nor perfect. Will new modes of life lead to the 
development of other highly specialized groups of 
nerve cells in the brain and new end-organs in the 
future? Why not a radio sense; a sense for detecting 
and even possibly sending radio messages? A sense 
for avoiding cars in our over-crowded streets? Evo- 
lution is still going on, and there is plenty of room 
in our skulls for more senses. The possibilities of the 
man of the future are infinite. 

We have not all the same mental equipment and 
most of the work of the world will always have to be 
done by just ordinary people. The better trained their 
senses are, the better it will be for the world. 

The great new work of the world, the great dis- 
coveries and the great inventions, will most likely 
always be done by those who possess that divine spark 
of genius. But sometimes we are likely to overesti- 
mate the divine spark. We like to remember Thomas 
Edison's receipt for invention—‘‘One-tenth inspira- 
tion and nine-tenths perspiration!’ 

It is always well for all types of minds—mediocre 
minds and genius alike—to remember one piece of 
advice given by Mr. Hobart; to use the accumulated 
experiences of others as well as our own. Each one of 
us is a most wonderful organization in himself and 
we should remember that the firm, company, or 
organization for which we are working is also a very 
highly organized concern. If we want to do our best 
work we must use all our own senses and the accumu- 
lated knowledge of all those highly specialized individ- 
uals that go to make up our organization. 

But when all is said and done the original workers 
can never become perfect. There will always be things 
they don’t think of; things they can’t think of, because 
their problems are new. The man who sets out to do 
something original will always make mistakes or 
things that look like mistakes. It is just the over- 
coming of these difficulties or these mistakes that 
makes so pleasant the life of the pioneer. Our minds 
may be mediocre or highly trained; but in the final 
analysis it is character and character alone that 
determines whether we succeed or fail. 

There are many chapters in the following two 
lines: 

“Two men stood looking through the bars, 
One saw the mud, the other saw the stars.” 

Thank the Lord there is one thing that can’t be 

standardized, and that is man! J. R.H. 
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Things We Don’t Think Of 


By H. M. HOBART, M. Inst. C. E. 


Consulting Engineer, General Electric Company 


R. DOHERTY has asked 
M me to take up with you 
today some subject the 
discussion of which will help you 
in your work as engineers. I have 
chosen as my subject, ‘Things 
We Don’t Think Of,” with a 
view to achieving this purpose. 

It is a good thing to be con- 
fident of success if it does not 
lead us to underestimate the 
difficulties of the task on which 
we are engaged. Over confidence 
in one’s self often leads to carelessness and to dis- 
appointing results. The kinds of difficulties which 
we don't think of and to which I shall be calling 
your attention today are those of which engineers 
have little or no warning. We are assigned the task 
of designing some sort of a thing, a transformer or a 
switch or a brush-holder or an oscillograph or a struc- 
ture to be arc welded. We take into account every- 
thing that occurs to us, we make careful calculations, 
and we prepare a specification to be followed by the 
shop. In due course the manufacturing is begun. Ina 
very large percentage of cases where there is any new 
feature about the thing, and unless we are excep- 
tionally marvellous engineers or have been born 
under a very lucky star, the shop people will be 
pointing out necessary or desirable changes in our 
specifications. When we consider their suggestions 
fairly we shall often be compelled to admit that they 
are good ones. We should frankly accept the blame 
for not having consulted them prior to completing 
our design and specifications. This is one point; the 
manufacturing department may and usually will 
think of important things that we engineers have 
not thought of. It is entirely sensible for the engineer 
to obtain suggestions and help from shop foremen 
and workmen and from any other source, but if he 
does not do this till after he has declared his design 
completed and ready for manufacture, it very properly 
reflects upon him. 

But as to this first mistake of not making 
use of all the best knowledge and experience 
available, while it 1s a very serious mistake indeed, 
it is entirely and easily within our power always to 
avoid it. However, things often appear so simple 
and trivial that we are tempted to conclude that the 
step would be superfluous. In my opinion it never 
or very rarely is superfluous. The best informed 
engineer can only know a little bit out of all that is 
known in engineering and manufacturing and he 


The subject matter of our pres- 
ent article was delivered as an 
address before Mr. Doherty’s class 
of the Advanced Course in Engt- 
neering at Schenectady. There is 


so much that is timely and useful 
in Mr. Hobart’s remarks that we 
reproduce them almost in full for 
the benefit of our readers. 

— EDITOR 


should realize that there are mul- 
titudes of shop methods of which 
he never will even have heard. 
In a small concern, or when en- 
gaged on work away from the 
factory, the engineer may be 
obliged to rely almost entirely 
upon the small store of knowledge 
and experience that he himself 
in his'short life has been able to 
acquire. But in a large organi- 
zation it seems to me that it is 
inexcusable not to supplement in 
all cases any small knowledge of our own with advice 
and suggestions from the very best specialists in all 
sorts of details. This advice and these suggestions 
are ours for the mere asking. Others will often 
remind us of important things which we ourselves 
did not think of. 

Let us, however, assume that we have only com- 
pleted our design after availing ourselves of the very 
best advice in everything we can think of relating 
to it. The Factory has built the thing and it is ready 
to test. It looks so fine and we have become so con- 
fident of its success that we expect that the test 
will be a mere formality and that the test results 
will agree with the calculations. It will be nothing 
unusual to be disappointed and still not be at fault. 
An investigation may finally show that some material 
employed was faulty, and had not been properly 
inspected, or that, without saying anything to any- 
body, someone had provided material which had 
been represented as “just as good” or even better 
than that specified. | 

But in other cases in which the thing will not work 
in the desired way it will be because there is some 
factor or factors which the engineer has not taken 
into consideration. In any except the very simplest 
machines there generally are such factors although 
sometimes the engineer could not reasonably be 
expected to even suspect them. 

Unless we have complete knowledge of every factor 
affecting a result we cannot possibly predetermine 
that result exactly. If with incomplete knowledge 
of all the factors, the result we obtain is exactly 
that which we calculated, then we have made errors 
in our calculations. Since in all designs which present 
enough complications to be really interesting, there 
are always factors about which we have incomplete 
knowledge, we ought never to take pride in having 
the test results agree exactly with our calculations. 
Some engineers develop an uncanny instinct which 
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guides them to calculate just enough wrong to make 
the result come out right. They are deceiving them- 
selves if they conclude that their calculations were 
right. 

As already suggested, when we test our machine 
we are very apt to learn of something which we hadn't 
thought of. Sometimes no living being had ever 
thought of it. In other cases, if we had been better 
read, or more linguistically skilled, we should have 
been warned by a report of the same kind of thing 
in some technical paper published perhaps in America, 
but perhaps only in some distant country and in some 
foreign language. Or, when we reflect on the test 
results and when we have cleared our mind by dis- 
cussing the results with others, there may gradually 
dawn on us the knowledge of just what has hap- 
pened. We then say to ourselves “Why, of course, 
how simple, why didn’t I think of it before?” Or we 
may Say, “this is almost the same sort of occurrence 
which Smith told me about a month ago in connection 
with the thing he was building at such and such a 
place. Indeed, now I come to think of it, it couldn’t 
be any other way, it must be that way for this 
reason, etc.” 

But in another case the test at the factory may 
indicate that the thing is just what is wanted in every 
way. These factory tests may have seemed to be 
very thorough and even needlessly severe. Neverthe- 
less, after it has been installed, there may be some 
service condition under which the thing fails. It 
may be that we could not possibly have known of 
this service condition or ought to have been warned 
about it by the purchaser. But on the other hand 
we may have known all about it but did not appre- 
ciate that it had any significance. The breakdown 
may occur immediately after installation, which is 
bad enough, or it may be of a slowly developing 
nature and may not be indicated by anything which 
can be noticed, until after a year or two of service, 
when the breakdown will occur. This latter is mueh 
the worst kind especially in view of modern industrral 
conditions. 

To see how much more serious a breakdown of such 
a nature is today you have only to remember that 
a generation ago our machines were much more the 
product of manual labor and their parts were not 
so absolutely interchangeable as nowadays. Also, 
they were then made in lots of ten or one hundred. 
But now we are equipped with expensive special 
machine tools, and with them make vast quantities 
of the thing, all absolutely identical in every respect. 
In former times a weakness developing in a year or 
two, while very serious, involved only tens or a few 
hundreds of the article and the necessary changes in 
the design were made by workmen with simple tools 
and did not involve scrapping or altering expensive 
special machine tools. But under present-day condi- 
tions where the market for a single thing is relatively 
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enormous, a fault might enter into tens of thousands 
of the product before detection and the new construc- 
tions necessitated might involve either new expensive 
manufacturing machinery or costly changes in the 
original manufacturing machinery. 

You will now more keenly realize that nowadays, 
even far more than in the past, it is vitally important 
before beginning to manufacture to have designs 
as perfect as is humanly possible in every conceivable 
particular. The products must with certainty with- 
stand, for a proper term of years, all the service condi- 
tions to which they will be subjected. 

I have no desire to minimize the value to us of 
mathematics as a splendid tool for use in designing 
things properly and for use in helping us to think and 
to effectively investigate everything which is likely to 
occur. There are, however, also other important ways 
of increasing the probability that we shall have 
thought of almost everything before it is too late. 
Just now I advisedly said ‘‘thought of almost every- 
thing.” Our endeavor should be to think of everything 
but we shan’t. We shall forget things we ought to 
have remembered and there will be other things 
that not we alone, but no one else, anywhere, will 
ever have thought of. If we review the history of 
engineering we shall find many interesting instances 
of vastly important things that engineers did not 
think of. I just said ‘“‘things they did not think of.” 
We shall generally find that, like yourselves, they 
were very earnest and exceptionally intelligent men 
striving to do their very best. So I believe I would 
be right in saying ‘‘things they could not think 
of.” We can do no more than our very best with the 
intellects with which we have been provided. Doing 
our very best with them includes training them 
effectively to use not only mathematical tools but 
logical methods of thinking. Logical thinking is 
probably improved by the study of mathematics. 
If we diligently study mathematics for many years 
and then turn to some activity in which we do not 
use the mathematics, I do not believe that there has 
been any waste of time or effort. For in the new 
activity we can profitably employ our ability in 
more logical reasoning than would have been pos- 
sible for us without the mental discipline of our mathe- 
matical studies. In later life you may give up your 
gymnastic exercises, your football, rowing, and tennis, 
but the time spent on them, aside from the pleasure 
derived, will not have been wasted, as you will have 
a physically more effective body and that most im- 
portant of all assets, good health. 

This is beginning to sound too much like a sermon, 
so I will turn to the next section of my talk which 
will, I hope, be more interesting. In it, I mean to 
illustrate more concretely what I have in mind by 
the title of my talk, “Things We Don’t Think Of,” 
and cite a few examples of incidents in engineering 
which will, I believe, satisfy you that the best 
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engineers who have ever lived have failed to think of 
things, some of which, after they have been thought 
of, seem very obvious. Some thirty years ago, a steam 
turbine was employed to drive a boat. The boat 
was 100 ft. long. The steam turbine was of 2000 hp. 
and was designed to run at 3000 r.p.m. After prelim- 
inary trials with a single screw propeller, the shaft 
was fitted with three propellers. At the shaft speed of 
3000 r.p.m., the vessel’s speed was only 18 knots, 
whereas the intended speed was 32 knots. The failure 
to attain the higher speed was due to a phenomenon 
known as cavitation which had already been encoun- 
tered by naval architects but which had not been 
much studied. Insufficient allowance had been made 
for it in this first marine steam turbine application. 
The discrepancy in the result will appear less remark- 
able when I mention that most ship propellers usually 
run at such low speeds as 80 to 150 r.p.m., and to take 
correctly into account all the things which would 
happen at twenty times the speed corresponding to 
available data, was quite difficult. Several reconstruc- 
tions were successively undertaken, and finally, using 
three turbines and three shafts instead of only one, and 
with three propellers on each shaft, each propeller 
having only two-thirds the diameter of the original 
design, and with a shaft speed of only 2000 r.p.m., 
the required speed of 32 knots was obtained. At a 
later date, a still more satisfactory result was ob- 
tained by replacing the nine propellers with three, 
each of greater diameter and pitch. This pioneer 
work was done by an engineer who is very generally 
recognized to be one of the best, if not the very best, 
of our time and who, amongst many great engineering 
accomplishments in many fields, has been foremost 
in developing the steam turbine for ship propulsion. 
But in this instance the importance of a known 
phenomenon had at first been very seriously under- 
estimated. I have not cited this instance as being a 
conspicuous or unusual one. It is simply one amongst 
several which come to my mind. It is, we must regret 
to believe, but we must believe, because it is so, 
the usual instead of the unusual thing in pioneer 
engineering. 

In connection with the example we have described, 
it is interesting to call attention to the commendable 
course of this engineer in publishing accounts of 
his successive steps from the first inadequate equip- 
ment to the final exceedingly successful one. His 
course in so doing was in accordance with one of 
the finest traditions of the engineering profession. 
Were engineers to publish descriptions of only their 
finally perfected machines, and were not to admit 
that the final result was attained only after several 
less satisfactory machines had been built, much 
valuable knowledge about things we are liable not 
to think of would be lost to the profession. 

The most important object which Mr. Doherty 
has in view in the training opportunities which he 
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is providing to the members of this class is to in- 
crease to the greatest possible extent the likelihood 
of having taken adequately into account in advance 
of construction as many as it is humanly possible to 
foresee of all the phenomena which will affect the 
result. Literally many millions of dollars a year would 
be saved by a large company if all its manufacturing 
problems could be completely solved prior to the 
manufacturing stage of regular production. Of 
course this ideal will never be attained, but a great 
improvement in that direction should be possible. 

I remember that some 36 years ago, I with several 
others was engaged in measuring the core loss of 
transformers. Up to a certain date, all our results 
had been consistent. Suddenly and without warning 
we found ourselves in the midst of trouble. Part of 
the time the core losses would come out as we ex- 
pected but the rest of the time they were some ten 
per cent low. Worst of all, the core loss on the same 
transformer, measured on another day, would be 
ten per cent different. We suspected that our measur- 
ing instruments might have gone wrong, but calibra- 
tion vindicated them. Then one day we discovered 
that instead of the alternator with surface windings 
(then popularly known as the ‘‘pancake’’ type) 
which had always formerly been the source of supply, 
a machine of a then new type, with the windings in 
slots instead of on the surface, and with one slot per 
pole, was sometimes being used instead and that the 
lower core loss was obtained with that machine. Then 
we measured the wave shapes at no load and with 
full load (which was an elaborate process in those 
pre-oscillograph days and required a Thomson quad- 
rant electrometer with sulphuric acid in a bowl to 
keep it dry), and found in the slot-wound machine 
a ten per cent lower peak voltage for a given root- 
mean-square voltage. I dare say that if we had had 
better minds or better trained minds, we should have 
been less surprised at these experiences. 

Some twenty-five years ago there fell to my lot the 
task of investigating some very old patents describing 
interpole machines. The interpole construction was 
not successfully (or at any rate, widely) used until 
1900 or thereabouts. But it had been described by 
many pioneer inventors, in patents issued a decade 
or more earlier than 1900. My recollection is that 
my search disclosed that amongst these early inven- 
tors of the interpole were several of those tremen- 
dously able men who did so much during the last 
two decades of the nineteenth century to develop 
dynamo-electric machinery. Nevertheless most of 
them appear to have overlooked for many years 
an absolutely essential point, viz., that in order 
to have the interpole beneficial instead of actually 
harmful, the ampere-turns on the interpole must 
exceed the ampere-turns per pole on the armature. 
Otherwise the resultant flux is in just the wrong 
direction and makes matters worse instead of better. 
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This, though perfectly obvious to us now, was a 
thing most of them didn’t think of, and-when their 
machines were tested they did not get any improve- 
ment in commutation, but the reverse, and, not seeing 
why, the idea was given up for ten or fifteen years. 
When, about 1900, it came to be better understood 
what was the matter and the interpoles were designed 
more nearly correct, a tremendous advance was made 
in commutating machinery. To be exact, it is desir- 
able here to mention that a few early workers on types 
of machines with distributed compensating windings 
had fully realized the point I have mentioned. 

It was about twenty-three years ago, when I was 
working in Europe, that an American firm ordered 
some large waterwheel-driven polyphase generators 
from a European firm. I was retained to inspect these 
machines and was given strict instructions to insist on 
complete fulfillment of the specifications in all particu- 
lars. One clause in the specifications required a sudden 
short-circuit test and I was advised that it had devel- 
oped in America that the instantaneous current was 
upwards of some twenty times the current at rated 
load. Probably if I had been better read I would not 
have needed to be advised of this. I imparted my 
newly acquired knowledge to the responsible European 
engineers who assured me that it was not so; that 
my American friends were wrong; because they 
reasoned, if it were so, their very thorough re- 
searches and studies would have led them to its 
discovery. However, they were entirely willing to 
make tests to convince me. Of course the result was 
to demonstrate that notwithstanding their belief in 
their infallibility (all of us are sometimes led into 
error by over-confidence in ourselves), this large 
momentary current did flow at the instant of short- 
circuit. I well remember the alacrity with which they 
then produced mathematical demonstrations of all 
aspects of the phenomenon. But you will note that, as 
is probably usual, the mathematical treatment 
followed instead of preceding the observation of the 
phenomenon. But we want to learn to really predict 
phenomena either by means of mathematics or of 
logical deduction, before making experiments. As 
an instance of the slowness with which knowledge 
sometimes travels, you may be interested when I 
tell you that it was about four years later that the 
stator windings of a turbine-generator were wrecked 
in a certain important generating station. I was 
called in to ascertain the cause and of course (partic- 
ularly because of the previous experience) was 
at once able to do so. No one in that operating con- 
cern had happened to ever hear of this phenomenon 
and I do not think my explanation of the cause 
would have been accepted had it not been that by 
that time I could produce corroboratory evidence 
in the form of engineering papers published in the 
technical press. It was of course by that time quite 
common knowledge, but had happened to be still 
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overlooked by my client. My report was acknowl- 
edged in a very complimentary manner and I was 
in the way of acquiring quite an opinion of myself. 
But pride cometh before a fall! My advice was 
next asked about some trouble they were having 
with a complicated control system and I was com- 
pletely unable to make them any useful suggestion. 

As an example of unexpected trouble developing 
in service a year or more after installation (and thus 
not being disclosed in the factory tests, made before 
shipment), I may mention the ageing of transformer 
iron. That was first observed by Mordey and Part- 
ridge about 1894. Transformers tested all right 
at the factory and showed low core loss and low 
temperature rise. After months or years of service, 
overheating was observed, often before failure of the 
transformer. Transformers were tested after being 
received back at the factory and were found to have 
core losses 30 per cent and even sometimes as much 
as 60 per cent higher than when they were new. It 
took years of experimenting with various alloyed 
steels before we were able to make transformers 
whose core loss would remain constant throughout 
the transformer’s life and would also be of satis- 
factorily low amount. 

The unexpected is constantly happening. In are 
welding, brittleness in welds was ascribed to the 
presence of oxides and nitrides. It was concluded 
that if the welds were made in an atmosphere of 
hydrogen, so that oxygen and nitrogen could not 
reach the molten metal, the welds would be more 
ductile. To a great extent this expected result was 
obtained, but in the course of the experiments 
it was found that a mixture of 25 per cent of hydrogen 
and 75 per cent of nitrogen was quite as good as 100 
per cent hydrogen; indeed the welding arc was more 
stable and required less voltage to hold it. So it was 
discovered that nitrogen, instead of being harmful, 
was, in large percentages, entirely permissible and 
desirable and that brittleness had been chiefly due 
(so far as the surrounding medium was of influence) 
to the presence of oxygen. 

Indeed the exclusion of oxygen led at first to 
another trouble, that of porous welds. It has been 
found by Mr. Peter Alexander in his investigations 
in the Thomson Research Laboratory that when 
welding in air, that is to say, in an atmosphere rich 
in oxygen, the process of oxidation at the surface 
of the molten metal keeps the outer layers hot for a 
longer time and enables any gases in the metal to 
escape from the interior so that a non-porous weld is 
more readily obtained. But if you exclude oxygen by 
welding in a hydrogen atmosphere, the surface 
solidifies more quickly and gases are trapped under 
the surface in the body of the metal. There are means 
of overcoming this difficulty, but I am mentioning 
it as another instance of things which were not thought 
of until after they had happened. 
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A few years ago some experiments were made in 
which a very small commutator motor was enclosed 
in a hydrogen atmosphere with the reasonable expecta- 
tion that in the absence of any oxygen there would 
not be any sparking at the brushes. But the difficulty 
was encountered that the commutator quickly 
became coated with a layer of carbon dust worn off 
from the brushes. In the hydrogen atmosphere there 
was no oxygen to burn up the carbon dust and carry 
the product away as a gas. That consequence was 
not thought of until after the event. 

About 1912, an engineer with whom I am very well 
acquainted undertook to modify the design of an 
induction motor in such a way as to be able to 
greatly increase the rating of a certain frame size. 
He managed to find room for larger stator conductors 
and used a fewer number of conductors and more 
flux, increasing the magnetic densities. In order to not 
impair the efficiency, he wanted to increase the cross- 
section of the squirrel-cage rotor conductors as much 
as he could without too seriously encroaching upon 
the starting torque. To find room, he made the rotor 
slots very deep. He was quite concerned lest he should 
have made the power-factor too bad by this step of 
using deep rotor slots, and his anxiety in that respect 
was well-founded. But as to the starting torque, he 
was surprised and pleased to find that it was very 
much higher than he had expected or could at first 
explain. But when he put his mind on it he soon 
realized that it was due to the skin effect (or in 
this case, more properly, ‘‘deep-slot’’ effect) of these 
deep conductors at the instant of starting, when the 
secondary currents are of full line periodicity. He 
believed he had made a splendid discovery and he 
built some experimental motors in which he pur- 
posely exaggerated this effect and obtained high start- 
ing torque without sacrificing efficiency, but with 
slightly impaired power-factor. He called it the 
‘“‘deep-slot’’ effect. But in this conservative world a 
new proposal is rarely given an especially cordial 
welcome even in engineering matters. The disadvan- 
tage of lower power-factor was said to be too great. 
But now, many years later, this principle is being 
used quite a good deal for special kinds of motors. 
If the time has arrived when it can be recognized as 
a useful method, it is interesting to realize that 
although it has since been mathematically investigated 
by many people, it was originally a discovery made 
in test. 

At that time Mr. F. Kierstead, who is a very good 
mathematician, predicted from his mathematical 
investigations, and before building a model, that 
two deep bars of a given total depth would develop 
more of this effect than a single deep bar. Some said 
he was all wrong; that it was absurd to suggest that 
sub-division could increase the ‘‘deep-slot’’ effect. 
But tests showed him to be right. With some propor- 
tions and arrangements, you increase the ‘‘deep-slot’”’ 
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effect by sub-division. With other proportions, 
the reverse is true. This prediction of Kierstead is 
one of the rare cases where the mathematical demon- 
stration preceded the experimental demonstration. 
Here was a case where a gifted young man did think 
of something that would happen and which had never 
been known of before, and worked it out mathe- 
matically before it happened. 

I must not tax your patience by giving you more 
examples of the proposition that it is very unusual, 
if ever, that in any engineering project all the things 
that happen, are foreseen. While occasionally the 
unforeseen happenings lead to beneficent discoveries, 
generally they are serious faults which are put right 
only at very great expense which could have been 
avoided if we had had the ability to foresee and avoid 
them. But as already stated and as has been illus- 
trated by several examples, they are often things 
that nobody ever had thought of or could reasonably 
have been expected to think of. 

The fact that things we don’t think of are of such 
frequent occurrence, ultimately brings many en- 
gineers, as they grow older, into a state of mind where 
they will no longer make any change, however 
slight, in the things for which they are responsible, 
if they can possibly avoid it. In many great factories 
you find things being built in accordance with an- 
tiquated designs. You wonder how the responsible 
people can have so little enterprise as to go on year 
after year building things in these out-of-date ways. 
Often it is because they have no longer the courage 
or energy to face the probability of having things 
happen which they will not have thought of. This 
over-caution is much worse than being too confident. 
But the best way is continually to try to make things 
better than ever, and in so doing, do our very best 
to anticipate and provide for everything we possibly 
can. With the splendid facilities and specialized knowl- 
edge now available in every branch of engineering, 
we ought to be able to make progress toward better 
and better products, with a minimum of mistakes. 

I have tried to lay stress on the duty which we 
each have, to obtain all the advice and help we can 
from others who have special knowledge and experi- 
ence which we do not have ourselves. But this has 
been from the standpoint that one of us has the 
responsibility for making something, and he, keeping 
the responsibility, obtains the advice of others. 

We shall in the near future need to do more and 
more things collectively and this will require us to 
collectively endeavor to plan things so well, in 
advance of executing them, that we shall obtain the 
most for the least expenditure. Many kinds of 
collective effort are undertaken by our professional 
societies. Joining our professional society is a step 
which many of us do not think of. Or if we think of it, 
we do not think of the aspect that becoming a mem- 
ber is part of the duty which we owe to our profession. 
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But, although, in my opinion, membership in our 
engineering society is one of our professional duties 
I am certain that it is much more than that; it is 
our professional privilege. The professional society 
confers on its members advantages which no earnest 
engineer can afford to forego. Collective effort on 
a subject (if it does not lead to each leaving the 
earnest effort to be made by the others) ought to 
result in decreasing the number of things which are 
not thought of. 

Amongst the many examples of attempts on the 
part of engineers to contribute to engineering prog- 
ress by collective action in committees of their pro- 
fessional societies, the American Engineering Council 
is an organization to which several professional engi- 
neering societies belong. Our own professional 
society, the American Institute of Electrical Engi- 
neers, is one of the member societies. 

Through collective action in American Engineering 
Council, engineers are endeavoring to assist in con- 
tributing to the establishment of wise national 
policies in matters in which engineering and scientific 
knowledge and experience are involved. It is excellent 
for engineers to improve a machine or a process, but 
a small group of them can accomplish this. A rela- 
tively small group can also build and equip a generat- 
ing station in which the very latest developments 
are incorporated and which gives the greatest result 
for the least cost. They can go further and construct 
transmission lines and distribution systems. But by 
this time, if not before, the stage is approached at 
which, excellent as the designs and constructions 
may be, harm may be occasioned unless the reason- 
able interests of other groups are taken into considera- 
tion. A transmission line crosses into another terri- 
tory; ultimately it becomes economical to tie it in 
with some other system; if no national standards 
as regards voltage and periodicity and phase have 
been observed, expensive reconstructions have to be 
undertaken. 

The investment in this country in electrical installa- 
tions and material amounts to many billions of 
dollars. The precise figure need not be fixed upon for 
the present purpose. Let us take it at x billions of 
dollars. Statistics of the growth of the electrical 
industry have shown that the total investment is 
doubled every seven years or thereabouts. Then seven 
years from now, the investment will be 2x billions, 
in fourteen years 4x billions and in less than 30 years, 
8x billions, provided much saturation does not set in. 
Consequently the present investment is only a 
matter of one-eighth of what it will probably be 30 
years hence. Up to the present there has not been 
paid to standardization any remotely sufficient 
amount of attention. Each undertaking comprises 
features which a relatively small group of individuals 
agreed upon. But for the remaining seven-eighths of 
the total electrical engineering construction program 
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for the next thirty years, it is absolutely essen- 
tial to reasonable economy that individual opinions 
shall yield to collective opinions. The longer this is 
deferred the more expensive will be the reconstructions 
which will have to be undertaken if any approach 
to a codrdinated and economical nationally-best 
system is to be obtained. 

Moreover this electrical program must be coōr- 
dinated with the very large needs for development 
in related engineering fields. While recommendations 
from engineering societies are of value, the local, state, 
and federal codrdination of all these projects into a 
comprehensive policy will be essential for the maxi- 
mum good of the nation at this stage of the country’s 
development. 

In the next decade literally billions of dollars will 
be spent in this country for hydroelectric power 
systems, for building gigantic dams and reservoirs, 
for dredging rivers and constructing canals for navi- 
gation, for reclamation, for irrigation, for flood con- 
trol, for reforestation, for water supplies for com- 
munities, for bridges so that railways and highways 
may cross rivers, and for related purposes. It has 
been pointed out by a distinguished engineer that if 
the American people as a whole are to have the 
maximum return for these billions of dollars of 
expenditure, it should be made in accordance with a 
national policy in the development of water resources. 
Conversely, by establishing and following such a 
national policy, probably the work can be done for 
far less than will be spent if we continue the process 
of seeking out only the richest portions; and if we 
continue to permit their uncodrdinated development 
without consideration of all the consequences from 
the standpoint of ultimate National economics. 

The policy should be studied with regard not alone 
to irrigation, or to transportation, or to power develop- 
ment, or to flood control or to water supply to com- 
munities, since the achievement of any one of these 
objects alone, will often not only be prohibitively 
expensive, but may actually be detrimental to the 
later achievement of the others. But a plan developed 
in the first instance, to ultimately serve the best 
interests of all these objects, and with the costs 
distributed over all these objects, will often show 
the cost of each to be much lower than if provision 
were made for the attainment of one object alone, 
and without any, or with inadequate consideration, of 
the other objects. 

Most of America’s immense natural resources are 
still undeveloped. Indeed some of the greatest of them 
could not even have been recognized as being natural 
resources of vast value until they were made possible 
by the modern development of engineering methods 
in dam construction, reservoir construction, im- 
proved hydraulic machinery, and in high-voltage 
insulators, transformers and long-distance high- 
powered transmission lines. 
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If a national policy of water resources development 
should be established, an important part of it should 
relate to the adoption of a series of standards for the 
material to be used and the procedure to be followed in 
carrying out the projects. These standards should 
represent not only the best engineering and manu- 
facturing knowledge, but also should involve the 
minimum suitable number of sizes and varieties of 
everything needed and a Standard Quality Specifica- 
tion for each size and variety. With the reduced num- 
ber of sizes, each size and variety will be manu- 
factured in much larger quantities and consequently 
at lower cost. The quantity of material to be kept in 
stores for replacements will be much less (particularly 
if interchangeability features are included in the 
program), and other similar obvious economies will 
be effected. There must be established and adopted 
and employed, a series of standard voltages, standard 
frequencies, standard phase arrangements, standard 
transformation ratios, standard transformer taps, 
etc., for generators, step-up transformers, high- 
voltage transmission lines, substations, step-down 
transformers, distribution circuits, distribution trans- 
formers and material required by the ultimate con- 
sumers, such as motors, lamps, electrically-driven 
tools, heating devices, domestic appliances, farm 
appliances, etc. 

In the last eight years a great impetus has been 
given to such standardization activities by the 
projects established at the instigation of the Division 
of Simplified Practice of the Department of Com- 
merce. The actual steps are taken by the industries 
concerned in each case. But the inspiration and a 
certain amount of guidance have been supplied by 
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the Department of Commerce. The task is enormous, 
but an excellent foundation has been laid. I am 
fairly familiar with standardization work in other 
countries and in my opinion there is, with one possible 
exception, no other country which has made such a 
good beginning with this exceedingly important 
“simplified practice” portion of standardization. 

National policies for the economical development of 
their natural resources in coal and water are being 
given much study by France, Italy, Russia, Ger- 
many, England, Japan and other countries and 
within a very few years these policies will be in the 
stage of being vigorously put into effect. Indeed in 
some instances this stage already has arrived. The 
extent to which American machinery and designs 
will be acceptable in these foreign enterprises, will 
be greatly increased if a broad coöperative attitude 
in support of a policy of quality standardization and 
simplification of product is adopted by the manu- 
facturers in this country. 

These, then, are some of the things which some of 
us probably have not sufficiently thought of in engi- 
neering matters of local and small scale and of broad 
and large scale. 

All these matters, the small and the large, are 
important in the realization of the engineer’s oft- 
quoted objective as set forth in the statement of 
The Institution of Civil Engineers, that it is “a 
Society established for the general advancement of 
Mechanical Science and more particularly for pro- 
moting the acquisition of that species of knowledge 
which constitutes the profession of a Civil Engineer, 
being the art of directing the great sources of power 
in Nature for the use and convenience of Man.”’ 
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Recent Applications of the Electric Micrometer 


I. Water Pressure Tests in a Hydroelectric Station. 
II.. Balance and Vibration Tests on Rotors of Large Steam Turbines. 
III. Compression Indicator Diagrams of an Electric Household Refrigerator Unit. 


By A. V. MERSHON 
General Engineering Laboratory, General Electric Company 


HE manufacture of large steam turbines, large 

waterwheel turbines and other apparatus has 

increased the need for new and reliable testing 
instruments in order to determine improvements 
in design and operation. In large machines the 
forces acting are relatively large, therefore they must 
be controlled or directed in such a way as tostabilize 
conditions. The mass of a large steam turbine rotor, 
for example, must be carefully balanced in order to 
obtain smooth running. Where there is considerable 
mass in the rotor of a steam turbine, and where the 
peripheral speed is high, the balance must be very 
nearly perfect so that large unbalanced forces will 
not exist. A good balance would correspond to only 
a few thousandths of an inch radial motion in the 
rotor of a steam turbine. 

In such cases the electric micrometer has been used 
to measure shaft movements in the order of 0.0001 
in. or greater. The electric micrometer, furthermore, 
will measure rapid changes in water pressures in 
inaccessible parts of waterwheel turbines. Mechanical 
devices will not follow changes in pressure that 
are as rapid as one hundredth of a second. In another 
instance, the electric micrometer was used on a 
household refrigerator unit to measure the pressure 
changes that take place during one stroke of the 
piston operating in a sealed vessel. An indicator card 
was obtained showing the changes in pressure over 
a period of one-thirtieth of a second, the time 
required for one complete cycle. 

A photograph of a newly designed electric microm- 
eter is shown in Fig. 1. This instrument is portable 
and is of the following dimensions: 19 in. long, 13 in. 
wide, and 9 in. high. It is provided with terminals for 
connection to a small 500-cycle generator and a stand- 
ard portable oscillograph which are used as auxiliaries. 

The operation of the micrometer“) is, briefly, as 
follows: A dummy coil connected to terminals so 
marked on the micrometer is set at a fixed air gap. 
A test coil connected to another set of terminals is 
provided with an air gap varying according to the 
nature of the vibrations in a particular piece of appara- 
tus. The magnetic changes in the test unit produce 
deflections on the oscillograph vibrator in proportion 
to the test variations. The change in the air gap can 
be calibrated in thousandths of an inch for obtaining 
a measure of mechanical vibrations and in pounds per 
square inch for recording transient pressures. 


(1)A more detailed description of this apparatus is given in the GENERAL 
ELEC TRIG Review, Nov., 1926, p. 815; the A.I.E.E. Journal, Sept., 1926, 
p. 820.; 


I. WATER PRESSURE TESTS IN A HYDRO. 
ELECTRIC STATION 
Hydraulic research tests were made on a large 
waterwheel turbine to determine water pressures or 
water hammer. The reason for making these tests 
was to determine the pressure variations in the draft 
tube under the waterwheel where certain conditions 
exist which cause rapid wearing away of the material. 


Fig. 1. 


The Electric Micrometer, which May be Used for Measuring 
Small Mechanical Vibrations and Transient Pressures 


Fig. 2 shows a dummy unit and a pressure test unit 
used with the electric micrometer. In making the 
tests the dummy unit was located in the gate house 
near the oscillograph. The pressure test unit was 
mounted in a one-inch steel boiler plate located 
under the waterwheel in the draft tube. Some of the 
test units were located in portions of the draft tube 
where the metal wore away rapidly. Others were 
located where there was less wear. Diaphragms of 
different thickness were used in the test units, but a 
diaphragm of high speed steel 0.025 in. thick was 
found suitable. The coil shown to the right in Fig. 2 
has a special sheathed lead 175 ft. long which is capa- 
ble of preventing any leakage of the 500-cycle current 
between the outside sheath and the inner conductor. 
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The pressure test units were calibrated after 
installation in the steel boiler plate in the draft tube. 
In order to obtain reliable results, the test units were 
calibrated before and after a test run. Fig. 3 shows a 
calibration curve made under air pressure before and 
after a test run; and the points agree within a small 
percentage. Air pressure was used to force the water 
out of the draft tube to a sufficient level to allow a 
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been found that the curve extends below the zero or 
atmospheric pressure according to a linear function, 
as shown. 

Fig. 4 shows oscillograms taken at 15,000-kw. load 
and 24,000-kw. load respectively. Six indentations of 
the lower, or 30 electrical cycles of the upper curve, 
represent one complete revolution of the turbine 
The waterwheel runner is of the propeller 
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The Pressure Units Used with the Electric Micrometer in Making Tests on a Large 


Hydraulic Turbine. The dummy unit is shown at the left; the test unit on the right 


man to enter the scroll case and to apply known 
calibrating pressures to the test units in position. 
Corrections are shown for air pressure as well as for 
the head of oil in the calibrating pressure gauge. 
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Fig. 3. Calibration Curves for the Electric Micrometer Used in 
Making Water Pressure Tests on a Large Turbine 


The start of the calibration curve is at 71% lb. per 
sq. in., which is the total correction factor for air 
pressure and oil pressure. The circles on this curve 
sheet represent calibration points before test. The 
crosses are calibration points taken after the water 
wheel tests were made. Averages of these points, 
represented by the heavy line, were used to calculate 
the pressures from the oscillograms. Tests were not 
made to determine the lower or vacuum part of the 
calibration curve, but in previous experiences it has 


Fig. 4. Oscillograms Showing Water Pressures Under the Runner ofa 


Water Turbine. The upper curve is for a load of 
15,000 kw.; the lower for 24,000 kw. 


type having six blades. Atmospheric pressure corre- 
sponds to 56 millimeters deflection on the original 
width of film. Deflections outward on these oscillo- 
grams represent vacuum and deflections inward, 
therefore, represent pressure. By applying the cali- 
bration curve to these oscillogram deflections the 


528 October, 1928 


pressure changes under the water wheel can be 
determined. 

The curves plotted in Fig. 5 were calculated from 
the oscillograms (Fig. 4) and the calibration curve 
(Fig. 3). Pressure variations are the larger for 15,000- 
kw. load, and vacuum variations predominate for 
24,000 kw. ‘By integrating over each of these indi- 
vidual pressure and vacuum areas with a planimeter, 
the relative areas have been determined. The 
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one revolution of the turbine runner is plotted over a 
distance of 30 centimeters, this area difference 
divided by 30 gives the average height in centimeters 
and hence the average pressure within the draft tube. 
In Fig. 3 one centimeter on the vertical axis represents 
two pounds per square inch. 

The table shows calculations from a group of test 
films for different kilowatt loads. A 15,000-kw. load 
produces an average pressure of 1.22 lb. per sq. in. 
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Calibration Curves and Oscillograms of Figs. 3 and 4 
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Fig. 6. Vibration Units for the Electric Micrometer Used in Measuring Vibration Amplitudes in 
Steam Turbine Rotors. Dummy unit at left; test unit at right 


figures written in each pressure and vacuum area 
represent the number of planimeter units. Table I, 
based upon these planimeter readings, was computed 
as follows: The curves in Fig. 5 were originally plot- 
ted on rectangular centimeter cross-section paper. 
By integrating over one square centimeter in a 
similar manner gave 147 planimeter units. Subtraction 
of the totals of planimeter area units for pressure and 
vacuum gave the total difference in area representing 
a load condition. By dividing the number of plani- 
meter units thus obtained by 147, the number of 
‘square centimeters difference in area was found. Since 


TABLE I 
CALCULATIONS FROM CURVE SHEETS AND FILMS 


Kilowatt | Planimeter Area Ave. Height Ave. Vac. or | Equivalent 
Load Units Sq. Cm. m. AN Er Tis: Pg aids 
15,000 |+ 2,693| 18.2 0.607 | 1.22 Pres. 2.8 
18,000 |+ 1,322 9.0 0.30 0.60 Pres. 1.36 
20,000 |— 4,262 29.0 0.968 1.93 Vac. 4.44 
22,000 |— 4,797| 32.62 1.09 2.18 Vac 5.02 
24,000 |— 13,373 84.1 2.8 5.8 Vac 12.9 
25,000 |— 17,128 | 116.4 3.88 7.76 Vac 17.85 


Data taken at position “A” in the draft tube using an 0.025-in. dia- 
phragm in the pressure test unit. Other points in the draft tube show 
independent data. 
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which corresponds to a head of 2.8 ft. For a 
24,000-kw. load, a vacuum of 5.6 lb. per sq. in. 
exists under the wheel, which corresponds to a head 
of 12.9 ft. 


Fig. 7 (A) 


Fig. 7 (B) 


Fig. (C) 


Fig. 7. Oscillograms Made in an Application of the Electric Microm- 
eter to Balance Tests on a 32,000-kw. Steam Turbine 


Both A and B show vibration amp'itude of rotor and the rotational 
shift of the vibration; C shows vertical and horizontal rotor amplitudes. 


Il. BALANCE AND VIBRATION TESTS ON ROTORS 
OF LARGE STEAM TURBINES AND WATER- 
WHEEL GENERATORS 

In testing the rotors of large steam turbines for 
mechanical vibrations, the electric micrometer has 
been used to measure the vibration amplitude. Weights 
were placed in the last stage wheel at various locations 
to obtain the best balance. After the rotor was 
balanced, starting conditions were studied which 
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showed periodic changes in the amplitude of the 
shaft vibration until conditions become constant. 

Fig. 6 shows a dummy vibration unit on the left 
and a test vibration unit on the right. Both have 
micrometer screw adjustments for calibrating their 
air gaps in thousandths of an inch. In measuring shaft 
vibrations the test unit was placed near the shaft 
with an air gap of 0.025 in. and was so adjusted that 
movements of the shaft towards the test coil increased 
the amplitude of the 500-cycle deflections on the 
oscillograph. 

Fig. 7 shows two oscillograms (A and B) taken 
during a balance test on a 32,000-kw. 1800-r.p.m. 
steam turbine rotor. The top curve on each of these 
oscillograms shows two interruptions in the zero 
line produced by a stud on the shaft making contact 
at two stator positions 90 deg. apart. These inter- 
ruptions are always in a fixed position with respect 
to the turbine shell. In comparing oscillogram A 
with oscillogram B the large peaks on the 500-cycle 
deflections are at different rotor positions with regard 
to the fixed stud on the rotor, as shown by the inter- 
ruptions in the top wave. Changing the balance 
weights causes the high spot on the shaft to change 
with respect to the fixed stud. Oscillogram A shows the 
500-cycle high spot lagging the stud 87 mechanical 
degrees; and oscillogram B shows the high spot on the 
shaft lagging the stud 240 mechanical degrees. Heat 
changes over a period of several hours can be observed 
in the shaft, which cause the high spot to shift its 
angular position. The difference in height of the 
500-cycle waves at the high spot as compared with 
those at the low spot indicates the shaft movements in 
thousandths of an inch when a calibration is applied. 
Oscillogram A represents 3.6 mils vibration and 
oscillogram B 6.2 mils vibration. 

Oscillogram C in Fig. 7 shows two 500-cycle waves. 
The upper record was taken on the top of a rotating 
turbine shaft for the purpose of showing vertical 
shaft movements; the lower one was taken on the 
side of the same shaft to obtain horizontal shaft 
movements. The middle curve is a 40-cycle timing 
wave with one interruption superimposed per revolu- 
tion. Ten millimeters change in height of the 500-cycle 
peaks represents one thousandth of an inch shaft 
movement. 

Fig. 8 shows the vibration amplitude of the rotor in 
inches during a period of two and one-half hours 
immediately after applying 33,000 kw. load. This 
curve was taken on the turbine end bearing after a 
shut down period of 12 hours. The turbine mid- 
bearing showed similar variations. The shaft ampli- 
tudes were oscillatory for one and one-half hours 
after which period they became steady. The occur- 
rence of these variations is due to unequal heating 
when the turbine is started up. 

Fig. 9 is a curve plotted from data taken from 
oscillogram C in Fig. 7. Simultaneous reading on the 
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top and at the side of the shaft, 90 deg. apart, 
determines the exact radial movements of a point on 
the shaft. In this curve vertical motion of the shaft is 
plotted as ordinate and the horizontal motion as 
abscissa. Three consecutive revolutions are plotted 
showing the clockwise path described by a point on 
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Fig. 8. Vibration Amplitude of a Turbine Shaft Immediately 
i Following the Application of a Load of 33,000 kw. 


the shaft. This figure shows the form of the path 
described by a point at the center of the shaft in mak- 
ing one complete revolution at normal running speed, 
1800 r.p.m. The small dip to the left in the figure is 
only 0.0001 in. and it is the same depth for all three 
revolutions. At different turbine speeds the shape of 
this figure changed. The greatest vertical motion of 
the shaft shown in the figure is 0.0015 in. and the 
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Fig. 9. Three Consecutive Figures of Revolution Made by the 
Point at the Center of the Turbine Shaft When 
Rotating at 1800 r.p.m. 


greatest horizontal motion is 0.0015 in. This figure 
was taken to show the movement of the shaft outside 
‘the turbine end bearing. The turbine mid-bearing 
showed figures of a different shape. ‘?) 

When used in connection with over-speed tests on 
_ large waterwheel-generator rotors in the new high- 


(0) The author expresses his appreciation to H. L. Davis of the Turbine 
Engineering Department, for his assistance on the tests and calculations 
described in this section of the article. 
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speed test pit at the Schenectady Works of the Gen- 
eral Electric Company, the electric micrometer pro- 
vided the means of making visual observations of the 
test from a sheltered observation building, one-eighth 
of a mile away. Moreover, these observations showed 
vibration amplitudes of the order of thousandths of 
an inch. 


III. COMPRESSION INDICATOR DIAGRAM OF AN 
ELECTRIC HOUSEHOLD REFRIGERATOR UNIT 
The two foregoing applications of the electric 

micrometer circuit were on relatively large rotating 

apparatus. The use of this instrument to obtain 
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Fig. 10. Sectional Drawing of the Piston Used in Securing 
Compression Indicator Diagrams by Means of the 
Electric Micrometer 


compression indicator diagrams of an electric house- 
hold refrigerator unit is somewhat on the other 
extreme. The refrigerator unit has a one-inch bore and 
a 0.625-in. stroke. 

The use of mechanical devices for obtaining indi- 
cator diagrams requires that the compressor cylinder 
be accessible, and on account of the inertia of the mov- 
ing parts, that the speed of the compressor should 
not be over fifteen compression cycles per second. The 
compressor cylinder in the refrigerator unit, however, 
is inaccessible as it is mounted entirely within a 
sealed vessel; and the piston travels at 1800 r.p.m., 
producing 30 compression cycles per second. 

In applying the electric micrometer in this case, 
the test unit or hollow piston, Fig. 10, is provided 
with a high-speed-steel diaphragm 0.0145 in. thick 
which deflects about 1 mil for 20 Ib. per sq. in. 
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pressure acting on the piston head. This piston 
pressure test unit, 1s used instead of the pressure 
test unit shown in Fig. 2. There is an air gap of 0.005 
in. between the diaphragm or the piston head and 
the core of the test coil. The surface of the core next 
to the diaphragm is cross-slotted to prevent any 
cushioning effect between the diaphragm and the 
core. The test coil is mounted around the core 
inside of the hollow piston; therefore any magnetic 
variations produced in the air gap give deflections on 
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Fig. 11 (B) 
Oscillograms Showing Cylinder Pressures for Indicator Cards 


Fig. 11. 


A —Piston operating against 17 lb. per sq. in. pressure. 
B—Piston op2rating against 100 ib. per sq. in. pressure. 


the oscillograph proportional to the pressures acting 
on the piston head. The diaphragm deflects 0.00005 in. 
at the center for one pound per square inch effective 
pressure. The diaphragm does not move an appreci- 
able amount, and thus does not create any large 
change ir volume; and the inertia effect is negligible. 
The magnification ratio of the motion at the center 
of the diaphragm as compared with the deflections on 
the oscillograph vibrator is 217 or the ratio of 0.01085 
in. to 0.00005 in. 

A suitable calibration curve was obtained by plot- 
ting the pounds per square inch acting on the piston 
head against the millimeters deflection on the oscil- 
lograph. A calibration curve having been obtained, 
transient pressures can be determined from the oscil- 
lograms, Fig. 11, for any position of the piston. 

It is necessary to know the piston position at a 
point on the time axis in order to plot an indicator 
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diagram. A contactor mounted on the crank end of the 
piston closes a battery circuit through an oscillograph 
vibrator at the instant the piston is at the end of its 
intake stroke. Since the piston displacement can be . 
calculated for any given crank angle, the displacement 
at any instant 1s determined. 

Fig. 12 shows a family of compressor indicator 
diagrams for several refrigerator case pressures. On 
the lower or horizontal scale is plotted piston dis- 
placement in inches. Zero on this scale represents the 


SERRE 
ope T 

Pedi it ity HHHH H | | 
DSA PN ALLT 
Brel ined ale set lio erated 


100 
B 

a al 
f 

T 

g 20 - T 

à OC NTE Neer 
d 
= iS -T 

8 100 

| = 

3 

@ 

(3) 

(S 

Å 

| 

J 

Y -TT 
£ TERESE 
To LT Nitske Pressure ELT T 


We 17 Ib. inl | TT TT Cas re:0 

20 (ams ae. ATT Pee 
oR \lIntake Pressure “Pi | | | | Intake Pressure! A] | 
PRITLLETLLLLLLLLN LLETTILLLUL LD 


PE TTT EE EEE TET TT EE EEE ET ET ET EEC CC 
O 01l 02 03 Q4 Q5 06 O 01 02 0.3 0.4 Q5 0.6 
Displacements (in) 
Typical Indicator Cards for Various Case Pressures 
in a Refrigerator Compressor 


Fig. 12. 


time at which the piston is at the end of its compres- 
sion stroke. The crank angle, or piston displacement, 
varies directly with time. The vertical axis represents 
pounds per square inch cylinder pressure acting on the 
piston head. 

The intake is opened to atmospheric pressure but 
the lower part of the curve represents a vacuum. 
The vacuum reaches approximately 10 lb. per sq. in. 
for all case pressures. The pressure in the cylinder 
rises to approximately 20 1b. per sq. in. above the case 
pressure for all case pressures. This pressure of 20 lb. 
per sq. in. is necessary to open the exhaust valve and 
overcome the drop in pressure in the muffler. 

In a similar manner the electric micrometer may be 
applied in obtaining indicator diagrams. showing the 
time-pressure characteristics of internal combustion 
engines as in making tests for rapidity of burning 
different grades of gasoline. 
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Temperature and Brightness of the New 
Standard Type of Incandescent Lamp 


Design Features—Coiled Filament—Few Filament Supports—Inside-frosted Bulb— 
Tables of Comparative Temperature and Brightness 


By W. E. FORSYTHE and E. M. WATSON 


Research Laboratory, Incandescent Lamp Department, General Electric Company 


has as its most distinctive feature an inside- 

frosted bulb, is the result of a successful en- 
deavor to improve the construction of incandescent 
lamps over the range of ratings that is suitable for 
domestic lighting and services of like caliber. When 
developing the new lamps to cover this range, the 
number of different wattage ratings was restricted 
to that which would adequately fulfill the purpose. 

In working out the design and determining the 
number of lamps which would constitute the series, 
close coöperation was secured between the develop- 
ment, manufacturing, and illuminating engineers. 
To satisfy all the demands of good lighting, it was 
found necessary to include six different sizes of 
lamps; v:z., 15 watt, 25 watt, 40 watt, 50 watt, 60 
watt and 100 watt. The lamp engineers were of 
course most concerned in the various mechanical 
parts and processes of manufacture; and the illumi- 
nating engineers gave most attention to the wattage 
ratings and general design features. The bulb was 
designed by an artist without restriction as to its 
manufacturing practicability and afterward was 
found to fit in well with production processes. 

A number of improvements were made in the 
design of the lamps during the process of simplifica- 
tion, so that these lamps are decidedly better than 
those they are intended to replace. The improvement 
that gave the new lamps their distinctive appearance 
was the method of frosting the bulb. It was very 
fortunate that at about the time the new lamps were 
being developed a method was worked out for frost- 
ing“) the bulbs on the inside in such a manner as to 
produce a good diffusing surface and still maintain 
the strength of the bulbs. Among the other improve- 
ments may be mentioned a reduction of bulb size, 
and the coiling of the filament. This last improve- 
ment made it possible to reduce the number of sup- 
ports and still keep the filament in place. Instead 
of a very long, straight filament draped over 9 to 
11 supports, the filament is coiled so that three 
supports are sufficient. When it is considered that 
each support causes a loss in efficiency of about one- 
half of one per cent, due to conduction of heat away 
from the filament, it will be seen that this reduction 
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("The Inside Frosting of Incandescent Lamps.” by M. Pipkin, Indus- 
trial and Enginecring Chemistry, Vol. 18, Aug., 1926, p. 774. 


in the number of supports results in an appreciable 
gain in efficiency. 

A lamp bulb frosted on the outside by either the 
sand blasting or acid etching process absorbs from 
five to ten per cent of the light. A five per cent loss 
of light may not seem high, but nevertheless it is 
too high in view of the effort being made to produce 
the best possible light source consistent with prac- 
tical operation. Frosting the bulbs on the inside by 
the new process was found to increase their absorp- 
tion by less than one per cent of the absorption of 
clear bulbs of the same size and shape. It had been 
known for some time that the amount of light trans- 
mitted by frosted glass depends upon whether the 
light first strikes the frosted surface or the clear 
surface. A very satisfactory explanation ®) has been 
offered. A clear glass surface reflects about four per 
cent of the light which falls upon it. A frosted glass 
has some small parts of its surface so orientated that 
almost total reflection will take place for light passing 
from the glass to air, but this is not the case for light 
moving from air to glass. Thus, with frosting on the 
outside of the bulb a greater amount of light will 
be returned to the inside of the bulb where it is 
scattered and partially absorbed by the filament, 
base, or other parts of the lamp. With lamps frosted 
on the inside, there is less light returned to the inside 
of the bulb to be wasted. 

The amount of light absorbed ® by the new bulbs, 
which are frosted on the inside, has been measured 
by two methods. First, clear bulbs were selected 
and their absorption measured by placing them over 
small lamps, the light from these small lamps being 
measured with and withcut the bulbs over them, 
thus giving the absorption due to the addition of the 
clear bulb. These bulbs were then frosted on the 
inside and the process repeated. The difference 
between the two readings gave the absorption due 
to the inside frosting. This method is not entirely 
satisfactory because the absorption is not measured 
in exactly the same manner as it occurs when the 
lamp is used. 

The second method is an attempt to overcome this 
difficulty. In this method a number of filaments were 


(2)"* the Measurement of Transmission-Factor, by M. Luckiesh and 
L. L. Mellor, Jour. Frank. Institute, Vol. 185, 1918, p. 527. 
Ñ (3)Data furnished by M. Pipkin, Lamp Development Laboratory, 
ela Park. 
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mounted on their supports in as nearly an identical 
manner as possible. One-half of these mounts were 
sealed in bulbs frosted on the inside and the other 
half in clear bulbs. Since this method carries with it 
the unavoidable variations in the manufacture of 
the individual lamps, it required a considerable 
number of lamps to obtain a proper average. Several 
separate determinations were made with 25 to 50 


TABLE I 


DATA OF ABSORPTION OF INSIDE-FROSTED BULBS 


First Method: Transmission determined by measuring the candle 
power of small lamps, first, with clear bulbs over these small lamps, and, 
second, after the same bulbs were frosted on the inside. 


N nsi n 

puis: «| Name |) ci ||) teeta, | Pe Cot Chane 
PS-20 5 1.31 1.60 0.29 increase 
PS-20 5 2.04 2.21 0.17 increase 
PS-20 26 1.11 1.37 0.26 increase 
A-21 10 1.49 1.40 0.09 decrease 
A-21 30 1.56 
A-19 10 1.45 
A-21 10 1.64 
A-23 10 1.78 

Mean......... 1.41 1.53 0.12 increase 


Second Method: Comparison of a number of lamps with clear and 
inside-frosted bulbs, with the lamp filaments as nearly identical as possible. 


Number 
Tested 


Inside 


Per Cent Change 
Frosted 


in Absorption 


0.19 decrease 
1.09 increase 
0.34 increase 
0.77 increase 
0.80 increase 


0.56 increase 


lamps having clear bulbs and 25 to 50 lamps having 
inside-frosted bulbs. The lumens per watt were 
measured and comparisons made. In Table I are 
given the results of these two tests, from which it 
can be seen that the average amount of light absorbed 


by the inside-frosted bulb is but about one-half of 
one per cent more than that absorbed by the clear 
bulb. 

The main reason, of course, for frosting the bulb 
of the lamp is to reduce the brightness of the source, 
because the tungsten filament in the lamp is operated 
at such a very high temperature that it makes a very 
bright source if viewed directly. The brightest point 
on a number of these inside-frosted lamps has been 
measured, and the results are given in Table II, 
where the brightness of some other standard sources 
are included for purposes of comparison. In this 
table is also given the brightness of the filament of the 
lamp as it would be observed if it were mounted in 
a clear bulb. It will be noted that the density of frost- 
ing adopted by the engineers is such as to reduce the 
maximum brightness observed by about a factor of 
fifty. A number of filaments of different wattages, 
such as are used in these new lamps, were mounted 
in clear bulbs and their temperatures measured. 
These values, together with the efficiencies of the 
lamps, are also given in Table IT. 

_A coiled tungsten filament is inherently a poorer 
source of light than a straight tungsten filament when 
both are operated at the same temperature. This 
results from the fact that tungsten is quite selective 
in favor of the short wavelengths and also from the 
fact that when a filament is coiled part of the energy 
radiated from the spaces between the coils approxi- 
mates that from a black body, which 1s a less efficient 
producer of light than tungsten. The loss due to the 
partial black radiation from the inside of coils and 
the small amount of light absorbed by the inside- 
frosted bulb combine to lower the efficiency of the 
new line of lamps. However, there are other factors 
that tend to increase the efficiency. Two of the latter 
are outstanding. The rate of evaporation from a coiled 
filament is considerably less than that from a straight 
filament at the same temperature. This difference 


TABLE Il 


BRIGHTNESS OF FILAMENTS AND BULBS OF NEW STANDARD LAMPS AND 
SOME OTHER SOURCES FOR COMPARISON 


Lamp Volts Watts Type 

Kerosene flame, flat wick... 
4-watt per candle carbon 

lamp eeni ersa aioa 
40-watt tungsten (straight 

filament................ Vacuum 
40-watt tungsten (frosted . 

Dt) s SETE E EE eee Vacuum 
Sun as observed at earth’s 

surfaces. etsea 
Clear sky, average......... 
New standard lamp........ 115 15 Vacuum 
New standard lamp........ 115 25 Vacuum 
New standard lamp........ 115 40 Vacuum 
New standard lamp........ 115 50 Gas-filled 
New standard lamp........ 115 60 Gas-filled 
New standard lamp........ 115 100 Gas-filled 


Lumens Maumum Kolor Main ua a amni 
. . t > 
Watt Deg. Deg: Brightness | cand./em.? 
1920 1.2 
2080 55 
2500 206 
2.5 
165,000 
0.4 
8.6 2475 4.0 214 
9.5 2510 4.5 245 
10.2 2545 5.5 278 
10.5 2660 9.0 430 
11.3 2695 9.5 490 
13.4 2755 12.5 600 
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permits the operation of the coiled filament at a 
higher temperature with the same life. As previously 
mentioned, the coiling of the filament permits the 
number of supports to be reduced from 9 to 3, and 
this change in construction results in a three per cent 
increase in efficiency. 

Another factor gives an additional though slight gain 
in efficiency. Because of the mutual heating effect 
between coils, the same current will heat a coiled 
filament to a higher temperature than the corre- 
sponding straight wire. This means that with coiled 
filaments a slightly larger filament can be used for 
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the same temperature and the same wattage. It has 
long been known that the life of a lamp at a certain 
temperature depends upon the cross-section of the 
filament. Thus, the use of the larger filament per- 
mits the filament to be operated at a slightly higher 
temperature for the same life and this results in an 
increase in efficiency. | 

The combined effect of these five properties of the 
coiled filament and inside frosting produces a marked 
gain in efficiency for the new standard type of lamps 
over the old straight-filament type of tungsten 
lamps. 


New Lighting Units for Airports 


An intermediate field boundary light and a ceiling 
light are two new units that have recently been made 
available for airport illumination. 

The intermediate field boundary light is intended 
for use on a multiple circuit at small airports where 
the number of lamps around the entire field will not 
exceed 30. The energy supply for such installations 


Multiple Boundary Light 


may be distributed through two-conductor, No. 10 
parkway cable laid in two separate circuits to a point 
half-way around the field. The units are equipped 
with clear, ruby, or green globes. Clear globes are 
used to indicate the boundaries, and ruby globes to 
mark obstructions, while the most favorable ap- 
proaches to the field are indicated by green globes. 
The units may be equipped with 25-, 40-, 50- or 60- 
watt lamps. Straight and tee coupling boxes facilitate 
the making of connections to the cable. 

The ceiling light is employed at airports to indicate 


to approaching pilots the approximate height of fog 
or clouds above the ground. It is equipped with a 
non-corrodible aluminum-alloy drum, attached to the 
side of which is a pad for setting the beam of the 
searchlight at 45 deg. instead of horizontally. As this 


. light need not be changed after the initial setting, a 


permanent method of mounting is provided. 


Airport Ceiling Light 


The front door glass is heat-resisting and is made 
in a dome shape to provide additional strength. This 
glass 1s mounted in a frame which is hinged to the 
drum, and a rubber gasket is placed between the door 
frafne and the drum to exclude moisture. A universal 
focusing mechanism enables the lamp to be focused 
in the mirror from outside the drum. The 500-watt 
115-volt incandescent lamp used may be of either the 
medium-screw or the mogul-screw base. It gives a 
beam of not more than 8 deg. with a candle power of 
400,000. 
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An Improvement in Single-phase Motor Design 


Change in Stator Core Design Makes Possible Better Magnetic Utilization—New Motor 
More Economical in Material, Lighter, and Smaller 


By NEIL CURRIE, JR. 
Motor Department, Pittsfield Works, General Electric Company 


HE efficient use of materials and the elimina- 
tion of waste are of prime importance in the 
manufacture of any device. Engineers and 
manufacturers are continually striving to reduce 
the amount of inactive or unnecessary material in 
their designs, and consequently to reduce the scrap 
or wastage of active material in the product itself. 
The outcome of this research work, together with the 
development and use of materials of better quality 
and capable of carrying greater loads, has resulted 
generally -in the production of smaller and more 
economical devices that are of improved quality and 
give better performance. 
In the design and manufacture of single-phase 
motors, the economical use of material has received 
much attention. For example, the single-phase repul- 


center Coit 
Outside Coil 


Fig. 1. Graded Distribution of Copper in One Pole 
Section of a Concentric-type Winding 


sion-induction motor ( manufactured by the General 
Electric Company has recently undergone various 
improvements which have already been introduced in 
the smaller sizes. 

In the construction of the stators for these motors 
there is a notably better utilization of punching 
steel, an appreciable amount of which has heretofore 
been unutilized. 

These improvements are interestingly reflected as 
an outcome of the following consideration: 

The stator winding of a single-phase repulsion or 
repulsion-induction motor is usually of the concentric 
type, as this gives the most desirable distribution of 
the field flux when the coils per pole are assigned num- 
bers of turns graded in such a manner that the out- 
side coil has the most and the center coil the least 
amount of copper. This general arrangement is illus- 
trated in Fig. 1 which shows one pole of such a winding. 

In the usual type of stator punching for the concen- 
tric winding all the slots have been of uniform depth, 
so that with the graded winding the outside slots 
only of each pole are full of copper, the center slots 
being only partially filled as shown in Fig. 2. The 


()Identified by the trade designation “Type “SCR.” 


depth of steel shown at A is therefore lost and the 
motor is unnecessarily large. | 

If the depth of slots is graded to conform with the 
distribution of the copper in the coils, the material 
represented by A can be either utilized as a part of 
the active core B or the outside dimension of the 
punching C can be reduced by double this amount 


Fig. 2. Diagram of Circular Type of Stator Punching with Slots of 
Uniform Depth, Showing Wasted Corner Material and Incom- 
plete Utilization of Material at the Pole Centers 


Fig. 3. Square Stator Punching with Graded Slots, Which Form 
Results in Better Magnetic Utilization of the Steel 


(diametrical measure equal to twice radial measure) 


without sacrifice of performance. 


In the ordinary circular punching, the material 
indicated by the shaded portions of Fig. 1 at the 
corners D is routed to the scrap pile. A more efficient 
employment of this material is therefore desirable. 

By combining the use of the graded slot and of the 
material in the corners, full advantage is taken of 
the laminated steel employed. With the graded slots 
arranged around the circumference of the motor bore, 
the most economical stator punching for a four-pole 
motor will be a square in which the small slots lie 
along the sides of the square and the large slots occupy 
the corners formerly scrapped, thus utilizing the steel 
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at full operating density. The development of the 
square punching for the four-pole motor is illustrated 
in Fig. 3, in which the outside dimension EF is smaller 
than the outside dimension C (in Fig. 2) by twice 
the amount A. 


sd 
Fig. 4. Stator Frame, with Improved Form of Punchings, 
i Ready for Windings 


Fig. 5. Completely Wound Stator Frame of the Type 
Shown in Fig. 4 


An additional advantage in this development is that 
the outside dimensions of the core, instead of being 
decreased as has been mentioned, can be held fixed 
with corresponding decrease in length of core stacking. 
This makes it possible to secure the same length of 
core for the single-phase motor as is used in the 
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polyphase motor of equal rating and therefore inter- 
changeability in mounting dimensions can be secured. 
The assembly of these punchings into a stator core 
is shown in Fig. 4; and the wound stator is shown in 
Fig. 5. 

The motor for which this statorcoreconstruction has 
been adopted is a repulsion-induction motor of high 
starting torque, low starting current, close speed 
regulation, and high operating characteristics, in- 
cluding power-factor approaching unity. The repul- 
sion-induction effect, t.e., the combination of the 
high-starting-torque repulsion motor and the con- 


Fig. 6. The Complete Motor of the Improved Type 


stant-speed induction motor, is secured through two 
windings, one a squirrel cage and the other of the 
repulsion type, so related by slot proportioning in the 
rotor that the squirrel cage is relatively inactive at 
the start but assumes its proportion of the load when 
operating under normal conditions. This gradual 
changeover is effected by the changing magnetic 
reluctance and consequent shift of torque production 
between the squirrel cage and repulsion windings 
as the rotor approaches synchronous speed, resulting 
in smooth and positive acceleration which contrasts 
with the sharp break in the accelerating torque of a 
repulsion-induction motor not provided with a 
squirrel-cage winding but employing a, centrifugal 
switch. 

The complete assembly of the “square punching 
stator” motor just described is shown in Fig. 6. 
This construct:on has made possible a motor of un- 
usual economy in material, weight, and space without 
sacrifice of operating performance. 
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Automatic Control for Mercury-arc Rectifiers 


Fundamental Divisions of the Control—Temperature— Pressure—Starting and Stopping— 
Switching and Protection, A-c. and D-c. Systems—Equipment and Operation 


By H. T. SEELEY 


Automatic Switching Section, Switchgear Engineering Department 
Philadelphia Works, General Electric Company 


MERCURY-ARC rectifier functions as a 
group of electrical valves controlling the flow 
of current from a star-connected polyphase 

network to a direct-current load. The valve elements 
—anodes and cathode—are assembled in a tank, and 
their valve action depends on the maintenance of the 
internal temperature and pressure below certain 


Fig. 1. 
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limiting values, and on the initial ignition. There is 
also a practical lower limit to the temperature. It has 
not been found feasible to construct glass tanks for 
units of the sizes required for traction systems, where 
the unusual efficiency appears most attractive; but 
improvements in the art of welding and in the 
technique with exhaust pumps have made possible 
the commercial manufacture of metal tanks having 
such small leakage that very low pressures can be 
maintained continuously under operating conditions. 
Fig. 1 shows two 500-kw. 600-volt mercury-arc recti- 
fiers of this type with their necessary auxiliary 
equipment. 

The control equipment for a rectifier may consist of: 
(1) temperature control equipment, (2) pressure con- 
trol equipment, (3) ignition equipment, (4) switching 


and protective equipment for the polyphase system, 
(5) switching equipment for the direct-current system. 

Alternating-current control is generally used in 
order to eliminate the initial investment and main- 
tenance cost of a battery. Alternating-current service 
is usually employed for the auxiliary motors because 
their drain on a battery would require excessively 
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An Installation of Two 500-kw. 600-volt 60-cycle Mercury-arc Rectifiers 


F: Gas receiving tank and oil trap. 
G: Pressure relay bulb housing. 

H: Solenoid for operating oil valve. 
I: Exciting anode solenoid. 


large charging equipment. When alternating-current 
control is used, the necessary direct-current operated 
devices are fed from the unit itself. 


Temperature Control Equipment 

The function of this equipment is the regulation 
of the cathode and tank temperature to the range 
where best operation is obtained. With the exception 
of tropical installations, jacket heaters (A in Fig. 1) 
are required in order to maintain the desired tank 
temperature and to avoid the possibility of the 
cooling water freezing. These heaters are controlled 
by a thermal relay (No. 23 in Fig. 2 and B in Fig. 1) | 
which energizes them by means of an auxiliary 
contactor No. 23 R when the jacket water surrounding 
the sensitive bulb is below a normal operating 
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temperature, and deënergizes them 
when normal temperature is re- 
gained. If the temperature falls 
too far below normal (possibly 
due to an interruption of alter- 
nating-current power), protective 
relay No. 26 prevents the unit from 
going into operation until the 
jacket heaters have restored nor- 
mal operating temperature. This 
and the other sections of the com- 
plete control are included in the 
schematic connection diagram 
shown in Fig. 2. 

Usually, water is used to cool 
the rectifier by flowing through 
the cathode and exhaust-chamber 
jackets. Tap water is used where 
it is free enough from impurities. 
If suitable well or tap water is not 
available, a closed cooling system 
may be used in which the circu- 
lating water is cooled by air, using 
a blower fan and radiator. The air 


Fig. 2. Schematic Diagram of Connections for the Automatic Switching tunnel which houses the radiator 
Control of a Mercury-arc Rectifier a a 
T. C.: Trip Coil 88W: Cooling Water Circulating Pump 51X Auxiliary Contactor for 51 : 
SW.: Switch otor 51 A-c. Overcurrent Relay (protective) 
S. R.: gra iiaae Resistor 88VX Autka, Contactor for 88V 37X Auxiliary Contactor for 37 
SH.: Shun 88V: Rotary Vacuum Pump Motor 37 A-c. Undercurrent Relay 
L. S. R.: Load ‘shifting Resistor 88F: Cooling Fan Motor 28 Resistor Thermal Relay 
L. A.: Lightning Arrester 81E Auxiliary Generator (arc striking set) 27X: Auxiliary Relay for 27 
I. T.: Insulating Transformer 88E: Auxiliary Motor (arc striking set) 27 .A-c. Undervoltage Relay 
H. C.: Holding Coil 86 Locking-out Relay (hand reset) 26 Apparatus Thermostat ; 
FU.: Fuse 81EX Arc Striking Anode Solenoid 23R Auxiliary Contactor is 23 (raise) 
C.-T. Current Transformer 9 A-c. Reclosing Relay 23L: Auxiliary Contactor for 23 Comer): 
C. R.: Control Relay 76 D-c. Overcurrent Relay , 23 Tank Temperature Regulatin elay 
CH. C.: Choke Coil 73 Load Shifting Resistor Shunting Con- 20V: Solenoid-operated Vacuum Valve 
C. CR.: Control Contactor tactor 14 Underspeed Device 
OF OF Closing Coil 72X Auxiliary Relay for 72 11-2 Control Power Transformer 
AM.: Ammeter 72 . Line Contactor 11-1 Control Power Transformer 
A. H.: Anode Heater 63VY Auxiliary Relay for 63V 8 Control Power Switch 
63WX: Auxiliary Relay for 63W 63VX Auxiliary Relay for 63V 5 Stopping, Switch 
63W: Condensation Pump Cooling Water 63V: Air Pressure Relay 4 Master Contactor 
Flow Relay 62 Time Delay Stopping Relay 2 Time Delay Starting Relay 
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Schematic Diagram of Connections for the Auto natic Switching Control of a Mercury-arc Rectifier 
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and fan for a cooling system is shown in the 
upper right-hand corner of Fig. 1. The piping 
schemes for these two methods of cooling are 
Shown in Figs. 3 and 4. In either system, the 
temperature regulating valve is the main cool- 
ing control, and is all that is required for 
tap-water cooling. In the recirculating system, 
the pump runs continuously in order that the tem- 
perature regulation be as gradual as possible; and at 
loads where the natural cooling effect of the radiator 
is insufficient, a second contact on thermal relay 
No. 28 starts the fan by means of auxiliary con- 
tactor No. 23 L when the water temperature reaches 
a predetermined value. The relay stops the fan after 
it has cooled the water sufficiently. In either system, 
if the jacket-water temperature rises to a critical 
value, relay No. 26 (C in Fig. 1) shuts down the 
equipment until the temperature falls to an oper- 
ating value, when it can restart. 

In order that relay No. 26 may not be open when 
the unit is called upon to start, relay No. 23 is made 
to regulate the temperature continuously with the 
unit either in or out of service. 


Pressure Control Equipment 

The exhaust system is shown schematically in Fig. 
5. A cooling jacket is placed on the exhaust line of the 
rectifier to prevent mercury vapor from passing into 
the pumping equipment. A hand-operated valve in 
this line allows the tank to be isolated in testing the 
line for leaks, and in making repairs or adjustments 
to the gauges or pumping equipment. The vacuum is 
measured by both a McLeod gauge and a vacuum- 
indicating meter No. 68V. 

In the exhaust system are connected a mercury 
condensation pump, gas receiver, and rotary pump. 

The two-stage mercury condensation pump (D in 
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Fig. 1) gives very rapid evacuation at back-pressures 
well below atmospheric pressures, and for this reason 
a rotary exhaust pump (E in Fig. 1) is used to reduce 
the back-pressure to an amount at which advantage 
can be taken of this valuable characteristic of the 
two-stage mercury condensation pump. A gas receiver 
(F in Fig. 1) is interposed between the two pumps 
so that the rotary pump need operate only inter- 
mittently, even though the mercury condensation 
pump (which has no moving parts) operates con- 
tinuously in order to maintain low pressure. With 
this method of operation the rotary pump starts 
possibly once a day, and runs only a few minutes at 
each time. The useful life of the pumping equipment 
is therefore greatly increased. . 

In the event of failure of the supply of cooling water 
to the mercury condensation pump, it is necessary to 
shut down the equipment, which operation is ac- 
complished by a water-flow relay No. 63 W and an 
auxiliary relay No. 68 WX. 

The control of the rotary pump and the protection 
of the rectifier against operation with too high an 
internal pressure are both effected by a hot-wire 
manometer having the necessary auxiliary relays. 
A fixed current is passed through a filament mounted 
in a removable bulb (G in Fig. 1) tapped into the 
exhaust line. Since the rate of cooling of a heated 
object depends on the density of the surrounding 
gases, the temperature of this filament is an indication 
of the gas pressure in the pipe line. This temperature 
is measured by means of a relay No. 68 V which closes 
a contact, when the pressure becomes slightly higher 
than that necessary for proper operation, to start the 
pump motor No. 88 V by means of an auxiliary con- 
tactor No. 88 VX. As this motor approaches normal 
speed, a speed switch No. 14 energizes a solenoid- 
operated valve No. 20 V (H in Fig. 1) which opens 
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Echematic Diagram of Connections for the Automatic Switching Control of a Mercury-arc Rectifier 
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the passage from the gas receiver to the rotary 
exhaust pump. A second contact of No. 63 V closes at 
a critically increased pressure within the rectifier to 
energize auxiliary relay No. 63 VY which opens the 
master contactor No. 4 to-prevent the operation of the 
rectifier and also insure that auxiliary contactor No. 
88 VX is energized to exhaust the tank. A third 
contact closes, when the pressure becomes proper for 
operation, to energize auxiliary relay No. 63 VX 


RES 
LN. ; N. To Drain 


Fig. 3. Elementary Diagram of Tap-water Cooling 
System for Rectifier 


B: Thermosensitive bulb. 

C: Cathode. 

H: Insulating hose. 

J: Rectifier water jacket. 
LV: Flow limiting valve. 
V: Temperature regulating valve. 
: Visual flow indicator. 
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Fig. 4. Elementary Diagram of Recirculating Cooling 
System for Rectifier 


Thermosensitive bulb. 
By-pass valve (if used). 
Cathode. 

Fan. | 

: Insulating hose. 
Rectifier water jacket. 
Flow limiting valve. 

- Centrifugal water pump. 
Radiator. f 
Temperature regulating valve. 
: Sump tank. 

: Visual flow indicator. 
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and reset relay No. 63 VY, which allows contactor 


No. 4 to place the rectifier in operation once more. 


After a time delay to insure that a proper operating 
pressure is attained within the rectifier, relay No. 63 
VX opens. contactor No. 88 VX to stop the rotary 
pump. 

To maintain the unit in constant readiness for 
service, the pressure control is made to function 
irrespective of whether the unit is in operation. 


Starting and Stopping Indication 

The unit may be started and stopped like a syn- 
chronous converter by remote control, local lever 
switch, time switch, or load-responsive starting 
equipment. The latter method is favored as being 
the most flexible and completely automatic. With 
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this form of control, low trolley voltage causes relay 
No. 1 to energize time-delay relay No. 2, so that if the 
low voltage continues for a definite time the starting 
indication is given. When the unit starts, the trolley 
voltage rises to normal; and, after the load demand 
has passed, relay No. 37 operates auxiliary contactor 
No. 87 X to energize time-delay relay No. 62 so that 
if the load demand remains below a set value for a 
predetermined time, the stopping indication is given. 
In the case of succeeding units in a multiple-unit 
station, overcurrent and undercurrent in the bus are 
used as starting and stopping indications instead of 
low voltage and underload; and provision is made so 
that if any required unit fails to start, the next suc- 
ceeding available unit will start in its place. 
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Fig. 5. Elementary Diagram of Exhaust 
System for Rectifier 


The small number of devices involved in the 
starting sequence of a rectifier makes it possible to 
start and stop it oftener than a synchronous con- 
verter without excessive wear on the apparatus. 


Excitation and A-c. Switching Equipment 

With alternating-current control, low-voltage pro- 
tection is required by the control devices. Protection 
against single-phase voltage is required because 
single-phase operation reduces the number of active 
main anodes in service, and thus causes them to 
overheat at direct-current loads lower than that for 
which protection can be provided. Single-phase 
operation would also increase the magnitude of ripple 
voltage on the direct-current side. Since a rectifier 
has no rotating magnetic field it cannot function as a 
phase converter, and the separate current phase- 
balance protection required for rotating machines 
is not necessary. 

When the starting indication is given in any 
manner, the unit is checked for: 


(1). Safe tank temperature. (See ‘‘ Temperature 
Control Equipment’’) 

(2). Safe internal pressure. (See ‘*‘ Pressure Control 
Equipment’’) 

(3). Cooling water for mercury condensation 


pump. (See ‘Pressure Control Equipment’’) 
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(4). 


Low or single-phase alternating-current volt- 
age by relays No. 27 and 27 X. 


(5). Safe temperature of load-shifting resistors. 
(See “Direct-current Switching Equipment’’) 
(6). Freedom from previous repeated alternating- 


current overcurrent. 


If all of these conditions are correct, master con- 
tactor No.4 closes and the auxiliary generator No.81F 
energizes the exciting anode solenoid No. 81 EX (J in 
Fig. 1): The exciting anode then touches the mercury 
cathode and current flows through the stabilizing 


Fig. 6. Switchboard for the Automatic Control of Two 
Mercury-arc Rectifiers and Three Feeders 


resistor to energize exciter relay No. 53 which deéner- 
gizes exciting anode solenoid No. 81 EX. A spring 
then withdraws the exciting anode from the cathode 
and an arc is drawn and maintained. Auxiliary con- 
tactor No. 51 X is also energized from generator 
No. 81 E and closes around the alternating-current 
overcurrent relay No. 51. Reclosing relay No. 79 closes 
oil circuit breaker No. 52 after a few seconds if relay 
No. 53 indicates that the exciting arc is being main- 
tained. Contactor No. 61 X opens after sufficient 
time has passed for the power transformer magnetiz- 
ing transient to disappear. 


D-c. Switching Equipment 

When the exciting arc is maintained and the 
alternating-current breaker is closed, direct-current 
voltage appears between the cathode and the neutral 
of the star-connected alternating-current network. 
This energizes auxiliary relay No. 72 X which closes 
the direct-current line circuit breaker No. 72. In the 
absence of direct-current overcurrent, contactor No. 73 
shunts out the load-shifting resistor. The whole 
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starting sequence may be completed in less than ten 
seconds, if the first closure of the reclosing relay is 
adjusted for its shortest interval. 

If breaker No. 72 fails to close, or if it opens and 
remains open for three minutes while master contactor 
No. 4 is closed, relays Nos. 79 and 86 lock out the unit, 
thus giving the starting indication for the succeeding 
unit in a multiple-unit station. 

If the direct-current load exceeds the capacity of the 
rectifier, relay No. 76 opens shunting contactor No. 78 
to insert the load-shifting resistor. If the overload 
continues long enough to overheat the resistor and 
rectifier, the heated air from the resistor causes 
thermal relay No. 28 to open contactor No. 4, shutting 
down the rectifier. It will restart when the equipment 


- has become cool. 


The valve characteristic of the rectifier makes it 
unnecessary to check the relative voltages of the unit 
and the bus (which operation is necessary with other 
conversion apparatus) and likewise the system voltage 
may rise above the rectifier voltage without requiring 
a reverse-power relay to disconnect the rectifier from 


- the system. 


The rectifier is relatively insensitive to direct- 
current short-circuits, so that the direct-current 
feeder breaker and the load-shifting resistor-shunting 
contactor need not be especially fast in operation. 

Parallel operation with com pound conversion equip- 
ment of the same or different type is obtained by a sat- 
urating winding on the interphase transformer, and re- 
quires no more switching or regulating equipment than 
for the parallel operation of synchronous converters. 


Comparison with Synchronous Converter Equipment 

Compared with a synchronous converter, the 
rectifier eliminates the following operations: 

Starting and running voltage application. 

Brush raising and lowering. 

Over-speed protection. 

Polarization. 

Polarity checking. 

Bearing temperature protection. 

Current phase balance protection. 

Voltage directional protection. 

On the other hand, new functions are assumed by 
the rectifier equipment as follows: 

Tank temperature regulation. 

Tank temperature protection. 

Tank pressure regulation. 

Tank pressure protection. 

Mercury condensation pump protection. 

The result of these differences is that the number 
of devices required for the automatic control of a 
rectifier is less than four-fifths as many as for the 
similar control of a synchronous converter. This fact 
indicates that even greater reliability may be expected 
of the switching equipment for rectifiers, with the 
same maintenance. 
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Balancing of Rotors in Factory and at 


Installation 


Measurement and Location of Bearing Forces—Simple Beam and Lever Relations Applied 
to Unbalance—Balancing of an Assembled Machine— Mathematical Analysis 


of Forces—Quartering Curves 


By S. H. WEAVER 


Turbine Engineering Department, General Electric Company 


HE effect of an unbalance 

in the weight of any part 

~“ of a running rotor is a 
centrifugal force which places a 
reaction on each bearing, as in 
the case of a simple beam. No 
matter how many of these un- 
balances there may be or how 
they are distributed along the 
shaft or around the rotor, all 
the unbalances combine as their 
sum into one reacting force on 


Where a pound of unbalanced 
weight may produce a ton of 
effective force in a rotating ma- 
chine yt is necessary to seek out 
and eliminate any such potential 
malefactor. This is a basic article 


on the art of balancing rotors. 
The principles used to obtain per- 
fect balance are given in simple 
terms, and a systematic procedure 
ts outlined for their application. 


speed the rotor is run because 
the resonance vibration will give 
the largest amplitude for a given 
unbalance. The underlying prin- 
ciple of the machine is the im- 
parting of sensitiveness to the 
unbalance by running at this very 
low critical speed given by the 
springs. 

The rotor is first run at this 
exact critical speed and a pointer 
held lightly to the chalked sur- 


each bearing. In Fig. 1 these 
bearing forces are represented 
by Cı and C,. They are radial, 
rotating with the rotor; and one force is usually in 
advance of the other. It is these forces that produce 
the vibration of the bearings, stator, foundation, etc. 
If these bearing forces can be neutralized, 1. e., 
reduced to zero by counterbalance weights, the ma- 
chine cannot vibrate and the rotor is in perfect 
balance. 


Fig. 1. An Elementary Diagram of a Rotor Showing 
Condition of Unbelance as Forces at Bearings 


The problem is (1) to measure the value and locate 
the positions of the bearing forces Cı and Cz; and (2) 
with these forces known, to place counterbalancing 
weights on the rotor to bring Cı and C: to zero. 


Factory Balance 

Rotating parts are balanced in the factory before 
final assembly of the rotor in the machine. For steam 
turbine work, the rotor is run in a balancing machine 
to obtain readings from which the bearing forces Cı 
and C: are estimated. In principle this embodies a 
spring-supported bearing at one end and a rigidly 
supported bearing at the other. The springs com- 
pressed by the rotor weight have a natural frequency 
somewhere between 150 and 400 r.p.m., at which 


face of the whirling shaft to 
leave a mark on part of the cir- 
cumference. The center of the 
mark gives the direction of the shaft flexure, or high 
spot of rotation. At critical speed, however, the 
centrifugal force of the unbalance 1s 90 deg. ahead 
of the high spot so that a counterbalancing weight 
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Fig. 2. Diagram of a Rotor in the Balancing 
Machine in Position for First Reading 


must be added 90 deg. back of the center of 
the mark. The counterbalance weight Mı in Fig. 2 
is thus located in direction and may then be run 
out on the balance arm until vibration is zero at 
the spring-supported bearing. This balance weight 
(Mı) gives a centrifugal force which acts as a load or 
force on the shaft. The weight of the rotor always acts 
downward while the centrifugal force of the balance 
weight rotates with the shaft. Hence the shaft itself 
is a simple beam supported at the bearings and loaded 
with this rotating centrifugal force from M,. The 
centrifugal force has exactly neutralized the unknown 
bearing force C, which caused the bearing to vibrate. 
Thus the reaction C, due to the centrifugal force of 
M, can be found by taking moments about the 
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rigidly supported bearing. The reaction, expressed as 
a product of the unbalanced weight and its radius is 


C= MRi 2 (1) 
Lı 

As speed for the centrifugal force enters all equa- 
tions, this factor cancels out; and weight multiplied 
by radius can be used as a measure of centrifugal force. 

Repeating the tests for the other end of the rotor, 
as in Fig. 3, with the coupling bearing rigid and the 
other bearing elastically supported gives 


(2) 


Fig. 3. Diagram of a Rotor in the Balancing 
Machine in Position for Second Reading 


Fig. 4. Diagram of Forces Involved in the Leverage 
Principle of Balance Weights 


From these readings C, and C: with their location on 
the rotor circumference are known. 


Determining Balance Weights 

The next step is to place weights on the rotor that 
will neutralize the bearing forces Cı and C2. Each 
bearing force can be neutralized independently of the 
other by means of balance weights placed on each 
end of the rotor. For example, in Fig. 4 the force Cı 
on the bearing can be overcome by a balance weight 
for force A; on one end of the rotor and a balance 
weight for force Bı on the opposite end of the 
rotor; and these two balance-weight forces can 
be given values that will neutralize Cı and yet 
produce no force or disturbance at the other bearing 
where C; acts. 

Since no force is wanted at the opposite bearing 
(C2) that bearing should not be considered as a 
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support for the beam. Instead of the simple supported- 
beam equation previously used the equally simple 
lever formula will give values for A, and B, when the 
distances and Cı are known. This simple lever rela- 
tion is 


Ls 
L 
B,=C; A (4) E 


If balance weights producing the forces Ai and B, 
are placed on the ends of the rotor in the directions 
given in Fig. 4 and in the same plane as C;, they will 
neutralize the bearing force C, and will have no influ- 
ence at the other bearing. 


C2 
A2 


La Lé 


Fig. 5. The Leverage Principle Applied to the 
Other End of Rotor (Second Position) 


Fig. 6. Force Diagrams for Rotor Unbalance Showing 
Graphical Method of Combining Weights 


In the same manner, in Fig. 5, the balance weight 
forces Az and B: acting in the place of C: and having 
the simple lever values of 


Az=C, = (5) 
AA EBEA (6) 


6 


will neutralize the bearing force C: and have no influ- 
ence on the other bearing where force C, acts. 

If the four weights represented by the forces Aj, 
Az, Bı, and B: are placed on the rotor, both Cı and 
Cz are neutralized and the rotor is in perfect balance 
both statically and dynamically. 

While it would be satisfactory to place two weights 
(as A; and Az) on one end of the rotor, it is customary 
to place only one weight on each end. The two weights 
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on either end can be replaced by a single weight which 


is determined by means of a graphical force diagram. - 


Fig. 6 shows a perspective force diagram where the 
weights A, and Az are drawn to scale in value and 
direction, then combined into the single weight Ao at 
the angle ao. Likewise, Bı and Bz may be replaced by 
a single weight, By at the angle bo. Note that A; is 
in the direction of test weight Mı, Az opposite to 
the direction of Mə, Bz in the direction of M: and Bı 
opposite in direction to Mı. Ao and Bo are in terms 
of balance weight multiplied by radius. 


Amplitude 


6 7891011121 23456789 
Positions on Rotor Circumference 


Fig. 7. Quartering Curves of Unbalance for a Trial Weight at 
Different Positions on C, End of Rotor 


Amplitude of Vibration 


Positions around Rotor End 


Fig. 8. Theoretical Quartering Curves 


q = quartering or trial balance weight 
m = unknown unbalance at position 8 


If formulas are preferred to the graphical method 
of combining two weights they can be written from 
the usual triangle formulas applied to Fig. 6. 


A= A;?+ A,?— 2 Ai? COS $ (7) 
sin nen sin $; ao=? (8) 
0 
Bo = B+ B}2—2 BB: COS | (9) 
Bı . 
sin (bo— ¢)=— sin ¢; bo=? (10) 
Bo 7 
Weights: ee (11) 
Ta 
TL (12) 
Tb 


where r, and r, are the radii of the weights. 


Balancing an Assembled Machine 

If the rotor is in a machine already installed one 
can proceed on the same general plan as in factory 
balancing. Consider first a rotor with two bearings, 
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or a four-bearing set with a flexible coupling between 
units where the condition of balance is similar to that 
represented in Fig. 1. 

The first part of the problem is to find the value 
and location of the bearing forces Cı and C:. The 


“quartering” method may be used as follows: Divide 


the circumference of one end of the rotor into 12 equal 
spaces and number the spaces in the direction of 


1 
on í ight ab 
rotation. Choose a trial balance weight about 150,000 


of the weight of the rotor. Insert the trial weight, run 
the rotor and measure the vibration amplitude at 
both bearings. The same trial weight is then moved 
to another position but at the same radius and vibra- 
tions are again measured. Repeat for other positions 
and plot the vibration amplitude against position of 
the trial weight as in Fig. 7. Read also amplitude Zo 


6 
Trial Weight 
Fig. 9. Curve Showing the Amount of Balance 
Weight at Position 1 for C’, in Fig. 7 


without the trial weight inserted. All readings must 
be taken at the same speed. Theoretical shapes of 
quartering curves are given in Fig. 8 wherein the trial 
weight ranges from zero to twice the value required 
for balance. 

The shape and value of the test curves at maximum 
and minimum vibration are of importance. It is evi- 
dent that at maximum amplitude of the bearing vibra- 
tion the bearing forces from the known trial weight 
and unknown unbalance both point in the same direc- ` 
tion, and that these are additive and give the loca- 
tion of the unknown bearing force Cı. In Fig. 7, with 
the quartering weight placed on the Cı end of rotor, 
Cı points through Position 7 and Cz through Posi- 
tion 3. The bearing forces are proportional to ampli- 
tude of vibration or 


Citgq 


piothe oz 
L 
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where q is the weight of the trial balance weight and 
r the radius at which it rotates. 

The minimum amplitude of the bearing vibration 
is exactly 180 deg. away from the maximum value on 
the curve and the known and unknown balance 
forces point in opposite directions. 


Ls + Le 


1 


Cı—qr a lk 


BALANCING OF ROTORS IN FACTORY AND AT INSTALLATION 


These two proportionalities give 
Ls + Le Z x + Z m 


C= 13 
ee Z a 
or 
Ci=@qr Ls+Le Zs 2m (13b) 
Li 2,4+2Z, 


for the following conditions: 
Z, = maximum amplitude with quartering weight 
Zm =minimum amplitude with quartering weight 
Z, =amplitude without quartering weight 
Use equation (13a) when Z,+2Z,, equals 2 Z,. 
Useequation (13b) when Z,+Z,, is greater than 2 Z,. 
If the bearing at the other end (C2) of the rotor gave 
sufficiently large vibration when quartering on the 


Cı end, then from those readings ; 
Lı Z,+Z 
Cage eee 14 
se i er vee 
or | 
Lı Z-Z 
Ca=qr — — m 14b 
ae Lı Lst Zm ) 


with the Z values read from the C’: curve of Fig. 7 
and with conditions similar to Equation (13). 

With Cı and C: known in direction and value the 
balance weights can be determined as in the section 
under the heading of “Determining Balance Weights.” 

Another method of balancing a rotor in an installed 
machine is to complete a quartering curve as in Fig. 7 
and from that curve locate the angular position of the 
balance weight at the minimum amplitude of vibra- 
tion as at Position / from curve C’;. At that position 
use different balance weights and plot readings of the 
amplitude of bearing vibration against the amount of 
balance weight used as in Fig. 9. This should be a 
straight line; but owing to the foundation vibrating 
from the vibration of the other bearing or of nearby 
machines, the amplitude may not go to zero value. 
The weight for the zero or minimum amplitude given 
by the curve in Fig. 9 multiplied by the radius of the 
weight can be used in place of M,R, in Fig. 2 and the 
bearing force Cı can be found from the simple beam 
formula of Equation (1). 
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The simple weight from Fig. 9 that neutralizes the 
bearing force C, and makes the amplitude at that 
bearing zero is not the balance-weight force A, but is 
less than A;. This force, while it has neutralized Cı 
still has the reaction of a beam at the other bearing 
and has changed the balance there. That is the 
reason why improving the balance on one end of a 
rotor very often increases the vibration at the other 
end of the machine. This difficulty can be overcome 
only by the use of two weights in the final balance, 
one being placed on each end as the A; and B, of 
Fig. 4 so that only one bearing is influenced by the 
balance weights. Since A; and Bı point in opposite 
directions, the A; is greater than the single-weight 
value just found in Fig. 9. 

If the balance is still imperfect, a quartering curve 
with the trial weights placed on the other (C2) end of 
the rotor should be made. This curve can be taken 
with the weights A, and Bı in place or with A; and 
B, omitted, as these two weights have no influence on 
the C: end. With the new value found for the force 
Cz the four weights A;, Bi, Az, and Be, two weights 
on each end, can be combined into a single weight for 
each end of the rotor as given under section on 
balance weights. 


Resume 

While balancing is a dynamic problem, it is pecu- 
liar in that a simple solution can be given by the 
elementary principles of statics. 

One should picture the radial rotating bearing 
forces of Fig. 1 for it is these bearing forces that pro- 
duce the observed vibration of the machine. 

The test value of the bearing forces as found in 
Fig. 2 involves only the principle of reaction at the 
support of a simple beam with the load M,R,. 

The counterbalancing of Fig. 4 involves only the 
principle of the simple lever by which the balance 
weights are estimated so as to influence the vibration 
and force at one bearing only. 

The difficult part of the problem is to actually 
measure the bearing forces for value and direction. 
This is accomplished by the balancing machine in the 
factory or quartering curves in the field. 


~ Remodeling of Cahokia Station Includes New 75,000-kw. Turbine 


The Union Electric Light and Power Company of 
St. Louis has made plans to remodel and expand 
the Cahokia station, the largest of its generating 
plants. The plans include the installation of a 
new 75,000-kw. turbine-generator set. Instead of 
making an addition to the present station building, 
space for the 75,000-kw. unit will be provided by 
removing a 30,000-kw. machine. The foundations 
of this machine will be strengthened to suit the 


larger unit, and the condenser which was used with 
the 30,000-kw. turbine will be altered and connected 
to the new 75,000. 

The new turbine will be a single-cylinder machine 
receiving steam at 315 lb. gauge, 300 deg. superheat, 
and will operate against a back pressure of 1 in. abso- 
lute. It will be rated 75,000 kw. at 1800 r.p.m. The 
generator will be rated 60 cycles, 13,800 volts, three 
phase, and 90 per cent power-factor. 
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SECONDARY GRID-COUPLED CIRCUITS—POWER-AMPLIFIER AND 
MASTER-CONTROLLED CIRCUITS 


By D. C. PRINCE and F. B. VOGDES 
Research Laboratory, General Electric Company 


vacuum tube can be used to supply the tube 
with grid excitation, it is possible to make an 
arrangement such that oscillations can occur at only 
one of the resonant frequencies corresponding to 
= the coupled circuits used. At the frequency for 
which the secondary is in resonance, there is a reversal 
of the reactive component of the voltage which it 
induces in the primary. This means a reversal of the 
secondary current with respect to that in the primary. 
Now the grid voltage will be obtained by taking the 


T the secondary circuit in a set driven by a 


Fig. 44. Secondary Grid-coupled Circuit 


drop produced by the secondary current in some 
reactance in that circuit and will, therefore, reverse 
when the current reverses. The plate voltage, on the 
other hand, must always maintain the same relation 
with respect to the current in the transformer primary. 
If it did not, it would mean that the transformer 
primary would be required to show an apparent 
reactance of the nature of a capacity—a phenomenon 
entirely incompatible with resonance in that circuit. 
The two frequencies giving stable operation with 
zero apparent primary circuit reactance lie on 
opposite sides of the secondary resonant frequency; 
hence, if the grid excitation is correct for one, it is 
incorrect for the other, being 180 deg. out of phase. 
Therefore, a set with two coupled cifcuits in which 


the grid is connected to the secondary will have only 
one stable operating frequency. 

The reversal of the secondary current does not 
represent a discontinuity as might be inferred. The 
secondary impedance at resonance changes from 
reactive in one sense through pure resistance and 
then becomes reactive in the opposite sense, the 
change in the power-factor being quite smooth al- 
though compressed almost entirely into a very small 
range of frequency. The reversal of the current fol- 
lows the same law as regards its phase. It is, of course, 


Fig. 45. Vector Relations in Secondary Grid-coupled Circuit 


greatest in magnitude when there is only resistance 
to be overcome; 7. e., at the point of resonance. As 
the grid voltage should be opposite in phase to the 
plate voltage, it will be found necessary to have the 
two circuits run at a frequency different from their 
resonant frequencies in order that the overall voltages 
will have somewhat the same phase, and displace- 
ments of 90 deg. will be avoided. 

Fig. 44 shows a secondary grid-coupled circuit 
and Fig. 45 presents the corresponding vector dia- 
gram. To examine this diagram, assume the antenna 
current I,, flowing in the antenna loading coil Le. 
This current induces in the primary inductance 
Lı the voltage [,,Xy, due to the coupling. The 
voltage I;,X m has two components, e, at right angles 
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to the self-induced voltage in the primary (IŁ, XL) 
and e, parallel with it. The former is the power 
component due to the antenna resistance. The latter 
represents a wattless interchange between the pri- 
mary and the ‘secondary circuits. Both [,,X;, and 
IX m are induced in Lı, so that their sum is im- 
pressed upon C, and the current in C, produces the 
voltage Ic, Xc, The capacity current Ic, leads its 
voltage 90 deg. while the current in Lı lags 90 deg. 
behind its self-induced voltage. 

Since the grid is connected to the antenna coil 
Lz, the grid potential will be at right angles to Iz, 
and the plate potential E, may be made 180 deg. 
out of phase by proper choice of C3, which gives the 


voltage IXc, 
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Coe N 
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Fig. 46. Characteristic Curves of a Water-cooled Pliotron 


It is apparent that, as drawn, [,,X,, and Ic,Xc, 
are not equal. In other words the primary circuit 
is not in tune. However, it is also apparent that an 
increase in J;,X;, must be at the expense of the 
e, component of I,;,Xy, since e, represents the 
energy transfer which must be maintained. The 
angle b is therefore determined by the ratio between 
I,,Xz,, and Ic¢,Xc, and the more nearly tuned the 
primary circuit the greater will be the angle b. If 
the primary were entirely tuned, the angle b would 
be 90 deg. and it would become entirely impossible 
to bring E, and E, into line by any drop across C3. 

Coupled oscillating systems result in the radiation 
of a purer wave than can be obtained from the usual 
simple ‘circuit. Some irregularities are certain to be 
present in the circuit next to the tube due to the 
fact that the input and the output are not continu- 
ously equal. If this circuit is also the radiating 
circuit, these irregularities will succeed in producing 
more or less harmonic radiation. If, however, the 
radiating is done by a second circuit coupled to the 
tube circuit, the harmonics uswally will be trans- 
ferred through the coupling with much more difficulty 
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than the primary frequency power, and very little 
harmonic radiation will result. 

It has been seen that with the grid connected to 
the secondary, the oscillating circuits must be 
operated at a frequency appreciably different from 
their natural frequencies when separated. With 
the circuit shown in Fig. 44, it is advisable to have 
the primary tune by itself at a frequency above the 
operating frequency in order that the voltage induced 
in the primary by its own current will be in approx- 
imately the same direction as the voltage induced in 
it by the secondary current. 

On the other hand, if X-,/X,,=4, any second 
harmonic component in the plate current will be in 
resonance and a large second-harmonic wave may be 
radiated. If this ratio be greater than 4, the phase 
relations will be such that a second-harmonic current 
in the antenna will be amplified; and continuous 
second-harmonic oscillations might even be built 
up, provided the fundamental wavelength were twice 
the natural wavelength of the antenna. It seems 
desirable, therefore, to keep the tuning point of the 
primary circuit between the fundamental and second 
harmonic. 

Having avoided accentuating harmonics by not 
making the ratio Xc,/Xz, too large and dephasing 
the grid by not making this ratio too near unity, 
the amount of harmonic radiation, for any value of 
Cı, can be determined by plotting the plate current 
and making an harmonic analysis of it. This current 
is then assumed to pass through C; to the primary 
circuit and the portion of it which finds its way into 
the antenna may be calculated directly. 

Once Cı has been made large enough to keep 
harmonic radiation within the required limits, the 
whole circuit may be calculated exactly by making a 
quantitative determination from the vector diagram, 
bearing in mind the values for E, and E, from the 
tube characteristics and that these voltages must be 
displaced 180 deg. in phase. A sample calculation 
in which this procedure has been followed will now 
be given. 


Calculation of a Secondary Grid-coupled Circuit 

This circuit is to feed 25 kw. at 2500 meters into a 
multiple-tuned antenna having two downleads. The 
full power requires 46.5 amp. per downlead. The 
characteristics, efficiency, and optimum operating 
conditions of the tube to be used are shown in Figs. 
46, 47, and 48. 

Fig. 48 shows that for 25-kw. output the alter- 
nating grid voltage should be 2300 and the minimum 
instantaneous plate voltage should be 1700. The 
direct plate voltage is 15,000, and deducting 1700 
from this and multiplying by 0.707 gives an alternat- 
ing plate potential of 9400 volts. 

No requirements have to be met regarding har- 
monics, so the primary volt-amperes will be made 
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equal to approximately 47 times the watts. The 
wavelength of 2500 meters is equivalent to a fre- 
quency of 120,000 cycles, which corresponds to an 
angular velocity of 753,000 radians per second for 
the vectors representing the voltages and currents. 
If the primary condenser C, has a capacity of 0.005 
mfd., it will give the required volt-amperes. Its 
impedance will be 266 ohms, and the voltage across 
it will be practically equal in magnitude to the 
alternating plate voltage. At 9400 volts it will carry 
35.38 amp., giving slightly more than 47 X235,000. 
The current through the primary inductance may be 
taken as equal to that through the condenser, making 
it also 35.3 amp. 


Efficiency (%) 


Tube Losses (kw) 


Q 10 20 30 40 
Output (kw) 


Fig. 47. Loss and Efficiency Curves at 15,000 Volts Direct 
Potential for a Tube Having the Characteristics 
Shown in Fig. 46 


Knowing the primary current and the power 
transferred through the coupling, the unity power- 
factor component e, of the voltage induced in the 
primary can be found by dividing the power by the 
current, and this gives 25,000 watts divided by 35.3 
amp. or 707 volts. 

Now I[¢,Xc,, the drop across the primary con- 
denser, is to be equal to the three vectors comprising 
the voltage in the primary inductance (see Fig. 45). 
IŁ, X, represents the voltage induced in the primary 
due to its own current and reactance, and e, and 
€s are respectively the unity power-factor and zero 
power-factor components of the voltage induced 
in the primary by the secondary current. As e, 
is only 707 volts and is perpendicular to the other 
two which are much larger, they will be very nearly 
9400 volts together, or each may be taken as 4700 
volts. This will result in a resonant frequency of the 
primary (by itself) 41 per cent higher than the 
operating frequency, which is within the range of 
desirable values. 
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Under these conditions, the reactance of the pri- 
mary coil Xz, is half that of the condenser, or 133 
ohms which corresponds to 177 micro-henries at the 
frequency used. Similarly, the mutual reactance of 
the primary and secondary coils is obtained by divid- 
ing the voltage which the secondary current induces 
in the primary winding by the value of the current. 
The quotient of 4700 volts and 46.5 amp. is 101 
ohms, and this is, therefore, the value of Xy. At 
2500 meters this is equivalent to 134 micro-henries. 


The angle a will have a sine given by A volts 


divided by 4700 volts; hence a is 4.33 deg. This is the 


0 
0 10 20 30 40 
Output ( kw.) 


Fig. 48. Optimum Operating Conditions, at 15,000 Volts Direct 
Potential for a Tube Having the Characteristics 
Shown in Fig. 46 


angle which the drop in the plate blocking condenser 
must produce between the plate alternating voltage 
and the primary voltage. Therefore, IXc, is given 
by 9400 volts times the sine of 4.33 deg. and is 707 
volts. The input current J is equal to the power 
divided by the voltage, or 25,000 watts divided by 
9400 volts and is 2.66 amp. At 707 volts this means 
an impedance of 266 ohms for Xc, or 0.005 mfd. 

In order that unity power-factor current may be 
taken by the tube, the plate choke must draw a 
reactive current Iz, equal and opposite to that taken 
through the plate-blocking condenser. The latter 
is given by J sin a and is 0.20 amp. With 9400 volts 
impressed on the choke, this requires a reactance 
of 47,000 ohms or an inductance of 62.4 milli-henries. 

The grid excitation is supplied from the antenna 
circuit. When the antenna coil is at hand, it should 
not be a difficult matter to pick a point on it 
giving 2300 volts, which is the potential required, 
remembering that part of the voltage in this coil is 
induced by the primary current. 
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At 25 kw., the antenna voltage is 30,900 volts, 
and the potential induced in the antenna coil by the 
primary is [;,Xy or the product of 35.3 amp. and 
101 ohms which is 3565 volts. This is practically 
in phase with the antenna voltage, leaving the 
difference of 27,335 volts to be given by the reactive 
drop in the secondary circuit due to its own current 
and reactance. Hence, J,,X7, is 27,335 volts, and 
dividing by 46.5 amp. for Iz, gives 589 ohms reactance 
for the secondary coil system or 782 micro-henries. 


POWER AMPLIFIER AND MASTER-CONTROLLED 
CIRCUITS 

Many present-day radio stations use circuits 
containing special control means. These schemes 
vary widely in nature, and a single transmitter may 
contain more than one of them. Two principal objects 
are attained by their use. One is the production of 
modulated waves for radio telephony, and the other 
is the maintenance of a fixed frequency of oscillation. 


Audio Frequency 
Radio Frequency 


Fig. 49. A Modulated Wave 


Radio-telephone stations (of which broadcasting 
stations are a familiar example) usually radiate a 
modulated wave as shown in Fig. 49. The “‘carrier”’ 
consists of waves of radio frequency which vary in 
magnitude at the frequency of the sound being trans- 
mitted. The signal itself is, therefore, represented by 
the envelope drawn through the peaks of the radio- 
frequency oscillations. The antenna system of the 
receiving station carries a current similar to the radio- 
frequency oscillations being transmitted. The receiv- 
ing apparatus amplifies and rectifies this current in 
such a way that the telephones carry a current which 
varies in the same manner as the envelope of the 
radio-frequency waves, although the radio-frequency 
variations themselves are no longer present. 

Due to the great number of stations which desire 
to operate, it is necessary for them to transmit on 
wavelengths which are very close together. This 
means that each must maintain its frequency con- 
stant in order that it may not interfere with the 
others. For this purpose, master oscillator sets are 
often used, in which the grid of the transmitting tube 
has impressed upon it a radio-frequency voltage 
which is not derived from the circuit into which the 
output of the tube is delivered but from a separate 
source. By this means, the changes of the antenna 
constants due to wind and temperature variations 
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are prevented from having any effect on the fre- 
quency of the oscillations. 


Plate-voltage Modulation 

Fig. 50 shows a common form of circuit used for 
radio telephony. The oscillating circuit itself is of 
one of the types which have already been described 
as producers of unmodulated radio-frequency cur- 
rents and includes the usual radio-frequency choke. 
Modulation of the oscillations is obtained by varying 
the plate voltage. This is accomplished by forcing the 
supply current for the oscillating circuit through an 
audio-frequency choke and then with a second pliotron 
draining away the current not required for the oscil- 
lating circuit. When the modulator tube draws a 
pulse of current, both the input voltage and current 
to the oscillating circuit decrease, and, if the modula- 
tor tube ceases to draw current, the input voltage 
and current to the oscillating circuit increase. The 
change in current drawn by the modulator tube is 


Radio Frequency Choke 


Audio Frequency Choke 
Blocking Soe. 


Radio Frequency „Modulator 
Tube ---—_—_e Tube ; 


OC. Supply 


-= Radio Frequency 
F Oscillating System. 


Fig. 50. Circuit with Plate-voltage Modulation 


Audio Input 
with Bias 


obtained by applying to its grid the signal which is 
to be transmitted. The tube driving the oscillating 
circuit operates as though it were supplied with a 
direct voltage having a variation impressed on it 
corresponding to the audio-frequency signal. The 
changes at audio frequency are so slow compared 
with the radio frequency that effects due to the rate 
of change of the input voltage are negligible. Hence, 
the tube will drive the oscillating circuit at the various 
magnitudes of voltage and current with the same 
instantaneous efficiencies as though it were supplied 
with steady inputs. It is not difficult to arrange the 
circuit so that these efficiencies are always good. 

The oscillating circuit, therefore, offers a design 
problem but slightly different from a set running 
under steady conditions. The range of the applied 
voltage is from low values to a value almost double 
that of the direct-current supply. The oscillating 
circuit should have sufficient insulation to stand the 
highest voltages involved, and the tube should have 
enough emission to carry the highest current. The 
circuit adjustments for operation at the voltage of 
the supply source will usually give good operation 
over the range involved, and, if any changes are 
required, they will probably consist of no more than 
slight adjustments in the value of the grid-leak 
resistance and capacity. The latter should be kept 
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small in order that it may charge and discharge 
rapidly and follow the changing conditions without 
any appreciable lag. 

The tube losses with high modulation are greater 
than for no modulation, but this load is carried for 
only a short time, and, if the heating with no modula- 
tion is kept somewhat below the maximum permis- 
sible, no heating troubles should result. It will be seen 
that the problem in this type of transmitter is not in 
the design of the oscillating circuits but in the arrange- 
ment of the tubes which modulate the voltage of the 
supply source. 

With complete modulation, the voltage and current 
supplied to the tube driving the oscillating circuit 
vary from zero to twice the average value which 
prevails when no sound is being transmitted (see 
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Fig. 51. Input to Tube Driving an Oscillating Circuit, Assuming 
That Modulation is Complete 


Fig. 51). If E and I are the average voltage and 
current, the total input to the oscillator tube with 


complete modulation is EI +=, the first term 


representing the direct-current and the second the 
alternating-current component. The alternating cur- 
rent through the modulator tube is in the opposite 
phase to that drawn by the oscillator tube; hence, 


the loss in it is EI -2 The total power supplied 


to both modulator and oscillating circuit combined 
is 2 EI; and, when no signal is being transmitted, 
this is divided equally between the two. Under 
ordinary transmission conditions, there will be 
periods running into seconds when little or no sound 
is being transmitted. The modulator tube must, 
therefore, absorb in itself an amount of power ap- 
proximately equal to the amount being radiated. 
In case the modulator tube is not arranged so as to 
be able to give complete modulation of the radiated 
wave, the service required of it may be less severe. 
On the other hand, it may carry a higher current 
than the oscillator tube at no load in order to utilize 
a section of its characteristic giving less distortion. 
Distortion of the signal is a problem which must 
in the final case be solved by test means, for some 
distortion will always exist and with any given 
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equipment will increase with the strength of the signal. 
The problem is to obtain the greatest amount of 
modulation with a minimum of undesirable effects. 
Workers with amplifiers have, however, certain 
rules by which they can obtain uniformly good 
results. © Almost needless to say, these rules partake 
of the nature of personal opinion, for distortion which 
is disagreeable to one investigator may be allowed by 
another because of some other benefits he obtains 
thereby. 


Plate-voltage Modulation with Master-controlled Grid 
Plate-voltage modulation with the grid of the 
tube driving the oscillating system fed from the 
system itself does not give the desirable constant- 
frequency effect, for the oscillating circuit can change 
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Fig. 52. Circuit with Plate-voltage Modulation and 
Master-controlled Grid 


its frequency if the antenna constants vary, and 
a slight variation with output may also be expected. 
By exciting the grid of the oscillator tube at radio 
frequency from a separate source, as in Fig. 52, 
all variations in frequency may be avoided. The 
grid excitation will be constant in magnitude and 
of the frequency to be radiated. The magnitude will 
be fixed by conditions existing when maximum power 
is being radiated. This will result in unusual although 
not necessarily excessive grid losses at all times. 
Modulation will be very much the same as before, 
for low plate currents can be drawn even though the 
grid current be higher than necessary. It would be 
well, however, to limit the amount of modulation so 
that the lowest voltage applied to the oscillator tube 
(due to the audio-frequency variations) will not ap- 
proach too near to the maximum positive grid swing. 

While constancy of frequency is attained with such 
a circuit, the variations of the constants of the output 
circuit may affect its operation in other ways, as will 
be shown later. 


Power-amplifier Circuits 

Instead of having an oscillating circuit which is 
driven by one tube fed with power at a voltage 
modulated by a second tube, a type of circuit may 


(*)For example: ‘Design of Non-Distorting Power Amplifiers,’’ by 
E. W. Kellogg, A.1.E.E. Journal, May, 1925, pp. 490-498. 


VACUUM TUBES AS OSCILLATION GENERATORS 


be used in which small modulated radio-frequency 
oscillations are amplified by a single tube to the 
volume required to be radiated. A circuit of this 
general type is shown in Fig. 53. It may take other 
forms including the two-tube ‘‘push-pull’’ arrange- 
ment, but discussion of the circuit shown will indi- 
cate the nature of such circuits in a general way. 

By impressing a modulated radio-frequency wave 
on the grid, the plate current and voltage may be 
made to vary as shown in Fig. 54(a) and (b) which 
will cause oscillations following the same law to be 
set up in the antenna system. The loss here is EI 
when the magnitude of the radio-frequency oscilla- 
tions is zero, and the greatest output is 44 EI when 
the oscillations are a maximum. The input is steady 
and equal to El. l 

Since the oscillating system stores considerable 
energy, it is not necessary to feed it sine-wave current 
as in Fig. 54(b), but irregular impulses of plate 
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Fig. 53. Power-amplifier Circuit 


current as in Fig. 54(c) may be made to answer the 
same end. This greatly reduces the tube losses as the 
bias current I is then disposed of, thus eliminating 
the steady loss. Such an arrangement, however, 
requires more than usual care in order to avoid dis- 
tortion. 

Power-amplifier circuits also are affected by 
detuning of the antenna due to unavoidable changes 
in its constants. , 
Effect of Detuning an Antenna Driven by Master-oscillator Set 

The effect of detuning an antenna driven by a cir- 
cuit with a fixed frequency can be illustrated by 
considering a continuous-wave telegraph set. Such 
an arrangement is shown in Fig. 55. In this diagram, 
a multiple-tuned antenna receives power from an 
oscillating circuit driven by the main pliotron through 
coupling with one tuning coil. Grid excitation for the 
main tube is supplied from an oscillating circuit 
driven by a second tube which can be much smaller 
than the first. The grid excitation of the main oscilla- 
tor tube will be so arranged that this tube will operate 
under the conditions of high efficiency described 
in Part II of this serial, when the antenna is in its 
normal condition. 

In order to insure constant frequency, the circuit 
supplying the grid excitation must be so arranged 
that nothing can affect its operation. This means that 
reliable apparatus must be used and arranged so that 
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it will not be disturbed. Also, no coupling must 
exist between the master circuit and the main oscillat- 
ing circuit, for the latter may then be able to affect its 
own grid circuit to some extent. In this connection, 
the grid circuit of the main tube should be so arranged 
that it is not likely to change its value as a load on 
the master circuit, for changes in load can produce 
changes in frequency as was shown in Part IV. 
Electric and magnetic coupling of the circuits may be 
avoided by shielding the master-oscillator circuit 
with sheet metal. 


Time —— 
Fig. 54. Wave Forms Obtained with a Power-amplifier Circuit 


The calculation of master-controlled circuits will 
follow the same general methods which have been 
used with the other types of circuits already dis- 
cussed. The real problem is not the arranging of the 
voltages and currents, etc., but in determining the 
disturbances which may be caused by variations in 
the values of the reactances employed and in deter- 
mining the variations in output which may result. 


| T lehi 


Fig. 55. Continuous-wave Telegraph Set with Master-oecillator 
Control and an Intermediate Oscillating Circuit 


Other circuits can adjust themselves to slight irregu- 
larities by changing their frequency, but a power 
amplifier circuit must do the best it can without this 
property. 

When the antenna becomes detuned due to wind 
or other cause, it changes both the apparent resistance 
and reactance of the primary circuit which drives it. 
This circuit has been arranged so that it requires no 
reactive component of input current when the antenna 
is in its normal condition, and such a component can 
be supplied only by seriously disturbing the arrange- 
ment of the currents and voltages which comprise 
the load on the vacuum tube. 

In order to simplify the calculation of the dis- 
turbance, it will be assumed that both primary and 
secondary circuits tune by themselves to the operating 
frequency. Then, let the reactance of the primary 
coil be X, and the apparent reactance produced in the 
primary coil by disturbing the antenna will be taken 
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as AX. The apparent resistance will be R. The 
susceptance of the primary coil is Z but the resist- 


ance is so small in comparison with the reactance 


that z may be used and the change in susceptance 


taken as a . Before the unbalance occurs, the 


primary circuit has zero susceptance between the 
points where it is connected to the tube. After the 

Sis AX 
unbalance, it will have a susceptance given by a 


a 


The conductance will be given by P or fe (approx- 


imately). Hence, the power-factor of the load driven 
by the tube will be the power-factor of the apparent 
impedance of the primary due to the secondary. The 


a 
€ Ls 
£ 
6 | | A4 T Reactance] T 
PERN 
0 QQ 010 0) O 20 
Percent Detuning 
Fig. 56. Effect of Detuning of Antenna Upon the Apparent 
Resistance and Reactance of the Intermediate Circuit 


reactive and real power supplied will be equal to 
that resulting from the current in the primary 
flowing through the apparent resistance R and ap- 
parent reactance AX. To arrive at this result, the cur- 
rent is assumed to be unaffected by the slight changes 
in the primary reactance due to the secondary. 
Antennas which have a low resistance compared 
with their reactance are the ones most sensitive to 
frequency change. The characteristics of such an 
antenna have been shown in Fig. 37. Changes in wind 
and temperature may change the antenna capacity 
sufficiently to vary its resonant frequency by 0.3 per 
cent. The effect is, for all practical purposes, the same 
as though the antenna constants had remained fixed 
and the applied frequency had been changed by this 
amount. Taking, for convenience, a coupling of 20 
ohms and calculating the effect on the primary cir- 
cuit, there result the curves shown in Fig. 56 which 
show the apparent resistance and reactance of the 


primary due to the secondary for various amounts 


of detuning. 

Fig. 57 illustrates the manner in which the oscillat- 
ing circuit receives its input. The direct voltage of 
the power source is D, and the oscillating circuit has 
a voltage wave of amplitude A. The plate-current 
wave is dependent primarily on the grid excitation 
and is not much affected by changes in the plate 
voltage unless it swings below the instantaneous value 
of the grid voltage. The plate-current wave may be 
analyzed into its components. Of these only the 
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fundamental-frequency component, which is shown 
by the dotted line, is of interest at present. The other 
components do not represent input to the oscillating 
circuit, hence, the fundamental-frequency component 
will be considered as though it actually were the entire 
plate current. It reaches a maximum at the center of 
the actual wave and both may be considered to have 
a phase displacement ¢ with respect to the voltage 
wave. This angle is fixed by the power-factor of the 
oscillating circuit as determined by the effect of the 
antenna upon it. 

If the oscillations are constant in magnitude, the 
volt-amperes input to the circuit will be constant and 
the power will depend on cos ¢. A constant current 
flowing through the impedance produced by the 
antenna detuning as shown in Fig. 56 will not absorb 
this input, however, for the impedance decreases as 
detuning advances and the resistance decreases more 


Fig. 57. Manner in Which the Intermediate Circuit Receives 
Its Input When the Antenna is Detuned 


rapidly than cos ¢. Therefore, to keep a balance be- 
tween input and output, the oscillations in the pri- 
mary circuit will increase in magnitude as detuning 
advances. 

This increase in magnitude of the primary voltage 
is readily calculated if it be assumed that the plate- 
current wave remains unaffected. It can, moreover, 
be expressed in terms of the power-factor in such a 
way as to have general application. Returning to the 
starting point for all the calculations involving 
coupled circuits, it is remembered that the total 
apparent complex impedance of the primary circuit is 


given by 
2,,52 
Mw x:) 
Z? 


M?w? ; 
VA SRi R+ 3 (x- 
2 


The primary resistance R, will be assumed so small 
that it can be neglected. The reactance X, of the pri- 
mary by itself is zero and M?’w? will be a constant. 
The secondary resistance R: will be constant, and the 


: R 
secondary impedance can be expressed as —_--. Com- 
cos } 


bining the two terms comprising the effective imped- 
ance of the primary due to the secondary, it will be 


27,92 27,32 

found equal to ats oe "cos @. The apparent 
2 2 

resistance of the primary in terms of the secondary 


Ma? 


resistance and power-factor will be cos? ¢. 


VACUUM TUBES AS OSCILLATION GENERATORS 


Under steady conditions, the volt-ampere input 
to the primary circuit must be equal to the volt- 
ampere output. The former will be proportional to 
the voltage since the input current is constant and the 
output will be proportional to the product of the 
square of the circulating current and the apparent 
impedance due to the secondary. As the circulating 
current and voltage are proportional, it may also be 
said that output is proportional to the product of the 
impedance and the square of the voltage. If the volt- 
age varies inversely as the impedance, the volt-ampere 
output will vary as the first power of the voltage 
which would make it obey the same law as the input. 
Hence, the voltage of the primary circuit will vary 
inversely as the impedance or will be proportional to 


Ra The watts purpur will be proportional 
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Fig. 58. Conditions in Intermediate Circuit 
When the Antenna is Detuned 


to the current squared, or voltage squared, multi- 
plied by the apparent primary resistance. This re- 


l e R ee 
sults in a value proportional to ——— which is a con- 
M?w? 


stant. In other words, the detuning does not decrease 
the output under the assumed conditions because the 
primary oscillations increase in magnitude. As both 
input direct-current power and output radio-fre- 
quency power are constant, the losses also must be 
constant. 

In practice, the state of affairs just discussed is not 
likely to be completely realized. The plate current is 
almost certain to suffer somewhat from the increase 
in the alternating plate voltage, for the current falls 
off very rapidly if the instantaneous plate voltage is 
not greater than the instantaneous grid voltage. A 
decrease in the plate current will cause a decrease in 
the input to the primary circuit. This will cause a 
decrease in the output and will also cause the remain- 
ing plate current to encounter a higher tube drop 
which is, of course, the instantaneous difference be- 
tween the direct and alternating plate voltages. Hence, 
in a master-controlled set with an intermediate cir- 
cuit, detuning of the antenna system will usually result 
in somewhat decreased radiation with the possibility 
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of increased tube losses, although this type of circuit 
has a natural tendency to hold both output and 
losses constant. The increase of voltage in the pri- 
mary circuit is an undesirable property inasmuch as 
it increases the voltage strain on the tube and other 
insulation, but it is necessary if the output is not to 
suffer serious fluctuations due to the detuning of the 
antenna system. Fig. 58 shows the apparent primary 
resistance, reactance, and impedance due to the sec- 
ondary as functions of the power-factor. The theo- 
retical limit of the primary alternating voltage is 
also shown. 


E Hoda 


Fig. 59. Master-oscillator Controlled Set without 
Intermediate Circuit 


Master Oscillator Controlled Set Without an Intermediate 
Circuit 

It may be inquired what the effect of eliminating 
the intermediate circuit from a master oscillator set 
might be. Such an arrangement is shown in Fig. 59. 
It is apparent as a first requirement that the'section 
of antenna tuning coil across which the tube is con- 
nected must have a voltage equal to the proper alter- 
nating plate voltage for the tube and must carry a 
current sufficient to give a volt-ampere product for 
this section at least 4 r times the load in watts. The 


5 rrect Operation 
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Fig. 60. Output and Losses in a Set without an Intermediate 
Circuit When the Antenna is Detuned 


question of the effect of the detuning of the antenna 
then arises. This can be answered by considering the 
antenna to be a secondary circuit fed by the tube 
through an auto-transformer arrangement. The pri- 
mary and secondary and mutual inductance of this 
transformer will then be identical. The impedance of 
the primary circuit will consist of the blocking con- 
denser and the section of antenna coil plus an appar- 
ent impedance due to the antenna system. 

The actual impedance of the antenna coil is wM 
where M is the common inductance, and the apparent 
impedance of the primary due to the antenna system 


2 
will be @ 


2 
x . The voltage induced in the antenna sys- 
2 


tem by the plate current is [,wM where only the 
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fundamental-frequency component is considered. 
This will be equal to [,Z:2, the impedance drop in the 
secondary. Now J, is much larger than Iņ, hence, 
wM will be much larger than Z: and can be neglected 


wM? 


in comparison with . In other words, the induc- 


2 

tance of the path taken by the primary or plate cur- 
rent may be neglected in comparison with the appar- 
ent reactance due to the antenna system. The reac- 
tance of the plate-blocking condenser will also be 
negligible. In fact, these reactances which are dropped 
from the calculations are opposite in sign and could 
be balanced out by being made equal in magnitude. 

When the volt-ampere input and output to the 
primary or plate-current circuit are balanced, it is 
found that the input is proportional to the voltage 
and the output varies as the square of the voltage 
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divided by the apparent impedance. This is satisfied 
by making the voltage proportional to the apparent 
impedance due to the antenna. The apparent resist- 
ance, reactance, and impedance of the circuit tra- 
versed by the plate current will be the same as already 
calculated for the primary coil of the arrangement 
with the intermediate circuit, as shown in Fig. 58. 
The plate alternating voltage in the arrangement 
without the intermediate circuit is shown in Fig. 60. 
It is proportional to the antenna voltage and is plot- 
ted as a function of the power-factor. The output 
and tube loss are also shown. Obviously, it is very 
undesirable to omit the intermediate circuit from a 
master-oscillator set for the slightest detuning cuts 
heavily into the radiation and causes excessive losses 
in the tube due to the decrease in the plate alternat- 
ing voltage. t 


(To be continued) 


Electric Hoists at the Belmont and Badger Mines 
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The Main and “Chippy” Hoists at the Belmont Mine of the Anaconda Copper Mining Company, wherein a 
Motor Capacity of Over 3000 hp. is Provided by Two Motors 


The Main Hoist Motor and Synchronous Motor-generator Set at the Badger Mine. 
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By means of such equipment 


seven tons of ore may be lifted at the rate of 2250 ft. per min. from depths approaching one mile 
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Features of 20-amp. A-c. Series Street 
Lighting Circuits 


By HENRY E. BUTLER 
Illuminating Engineering Laboratory, General Electric Company 


OR many years 6.6-amp. a-c. straight series 

circuits have been used for street lighting. 

In place of the 6.6-amp. lamps, 20-amp. series 
Mazda lamps were later used in many such circuits, 
- since the latter give more lumens per watt. 

The present practice is to burn these 20-amp. 
lamps from individual series transformers located in 
the base of each pole. These transformers consist 
of a 6.6-amp. primary winding and a 20-amp. sec- 
ondary winding, the latter being highly insulated 
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Fig. 1. Elementary Sketches of a Section of a 6.6/20-amp. Circuit 
with Individual-lamp Series Transformer and a Straight 20-amp. 
Circuit with Film Cutout; and (below) a Comparative 
Chart of the Lumens Per Watt and Power Cost 


from the primary. This means that low voltage is 
used in the pole, which is highly insulated from the 
high-tension constant-current secondary line, and at 
the same time permits the use of 20-amp. lamps 
burning at a 3 per cent greater lumen output than 
a straight 6.6-amp. lamp. This system is possibly the 
most popular in use for White Way installations as 


it fills the requirements for this class of service, . 


where low voltage up the pole is particularly required. 

For some time the 20-amp. straight series constant- 
current circuits have been given considerable study 
by many central stations for White Way installations 
where the linear distance is short and the J?R losses 
and losses due to inductance will not be objectionable. 


Local conditions will determine largely whether it is 
economical or good illuminating engineering practice 
to install a straight 20-amp. constant-current series 
lighting circuit, or a 6.6-amp. series circuit with each 
standard equipped with a pole-base series transformer; 
t.e., an individual lamp transformer wherein the 
secondary is highly insulated from the primary or 
high-tension circuit. 

In order that the engineer can conveniently deter- 
mine the most efficient and most economical system 


1800 


17R Losses of Line Watts 


2 4 6 8 
Feet of Conductor in Thousands 


Fig. 2. Line Losses in 6.6-amp. and 20-amp. Series Circuits. 
The dotted lines indicate losses in No. 6 copper conductor; 
the full lines are for No. 8 copper conductor 


that will meet his particular local requirements, the 
writer has included in this article a number of charts 
which may be referred to for assistance in studying the 
advantages of either system. 

Fig. 1 shows a summary of the advantages of the 


. use of a series circuit with individual 6.6/20-amp. 


transformers instead of a straight series circuit. This 
should be helpful in determining the advantages from 
this angle. 

Fig. 2 indicates the line losses of the 6.6- and 20-amp. 
a-c. series circuit using both No. 6 and No. 8 copper 
conductor. These data will also be helpful in deter- 
mining whether the line losses from a 20-amp. series 
circuit will be excessive and thus prohibit its use. 
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This, of course, will depend largely on the linear 
distance which is to be illuminated. It will be found, 
however, that for short linear distance or White 
Way installations where small circuits are used a 
20-amp. series circuit may be used to. advantage 
both from an economic and the illuminating engi- 
neering standpoint. 

Figs. 3, 4, 5 and 6 show the losses“ under various 
conditions in armored cable with lead or steel sheath 
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either open-circuited or short-circuited, which condi- 
tion will depend upon local requirements. It should be 
noted in these charts that there is a rapid increase of 
losses due to inductance in going from a 6.6- to a 
20-amp. circuit; and also that these losses are slightly 
lessened when cables are touching. These line losses 
will be of particular concern to those contemplating 
the use of a 20-amp. series circuit and will perhaps 
indicate the need of fibre, clay, or other non-metallic 
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Fig. 3. Inductance and Resistance Losses in 1000-ft. Lengths of No. 6 Steel-armored 
Lead-covered Cable, with Both Armor and Sheath Open-circuited 
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Fig. 4. Losses in Armored Cable in which the Lead Sheath is Open-circuited 
and the Steel-tape Armor is Short-circuited 


(:)The data for these curves are obtained from the Electrical World, 


Nov. 18, 1916 
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conduit with plain lead-covered cable for such 
circuits. 
Fig. 7 shows the full-load and open-circuited 
secondary voltages for pole-type and station-type 
constant-current transformers of various sizes when 
feeding 6.6-amp. and 20-amp. circuits, also standard 
voltage ratings of cable for underground and aerial 
installations, together with relative costs of the differ- 
ent cables. In each case the insulation for the cable 
used must be of sufficient strength to withstand the 
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open-circuited secondary voltages. It will be observed 
that the insulation requirements of a 20-amp. series 
circuit are approximately one-third of those of 
straight 6.6-amp. series circuit and that the under- 
ground cable cost of a 20-amp. series circuit is approxi- 
mately one-half the cost of a straight 6.6-amp. series 
circuit. The question of the relative transformer cost 
for the various series systems in use is avery interesting 
factor and should be given consideration, especially 
when the appropriation for street lighting is limited. 
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Fig. 5. Loeses in Armored Cable as Obtained by Tests in which Both Lead 
Sheath and Steel-tape Armor Were Short-circuited 
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Fig. 6. Losses in Armored Cable as Obtained in Foregoing Cases Except That Here the 
Lead Sheath is Short-circuited and Steel Armor is Open 


558 October, 1928 


Fig. 8 shows the relative transformer cost and 
operation cost per unit of the following series systems 
which are in standard use today: 


6.6-amp. straight series system 

20-amp. straight series system 

6.6-amp. series system with auto-transformer 
6.6-amp. series system with insulating transformer. 


These comparisons were based on five 3-kw. pole- 
type constant-current transformers in one case, and in 
another on the basis of one 15-kw. pole-type constant- 
current transformer. The latter fulfills the average 
local conditions. It will be observed upon analysis 
of Fig. 8 that the 20-amp. series circuit is the more 

economical, especially for short distances; but it must 
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Fig. 7. Chart Showing Voltages for Constant-current Transformers, 
Together with Voltage Rating and Comperative Costs for 
Various Types of Underground and Aerial Cable 


be remembered, however, that there is an advantage 
in the use of the transformer, although the cost is 
higher than the straight 20-amp. series installation. 
There has been considerable question as to whether 
the standard series socket and receptacle are suitable 
for 20-amp. series circuits since the standard socket 
was originally designed for 6.6-amp. service. It has 
been found from experience, especially in actual 
installations, that the standard series socket and 
receptacle operate satisfactorily on 20-amp. circuits. 
The following are a few of the systems which have 
been installed using the 20-amp. series circuit with 
the standard series socket and receptacle, and are 
today operating satisfactorily: 
New York & 
Racine (Wis. 
Ft. Worth (Texas) 
St. Clair (Pa.) 
Birmingham (Ala.) 


Sudbury (Ont.) 
Crystal Beach (Ont.) 


ueens (New YorkCity) Santiago (apie 
ichmond (Va.) 
Seattle (Wash.) 
Chicago District 
St. Louis District 
Bridgeburg (Ont.) 
Welland (Ont.) 
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As has been indicated, neither the 20-amp. a-c. 
series circuit nor the 6.6-amp. circuit with individual 
lamp transformers can be stated as being superior to 
the other for all purposes and for all conditions of 
installation. Each of these systems of street-lighting 
distribution has certain merits that are not possessed 
by the other; and, in consequence, the choice of 
system should be based upon a comparison of their 
respective merits with regard to each installation 
under consideration. It is hoped that the foregoing 
description and the following analysis will materially 
assist in making an advantageous choice for any 
given set of conditions. 
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Fig. 8. Relative Costs of Transformers and Auxiliaries, 15-kw. Capacity, 
of 6.6-amp. Secondary with Auxiliaries vs. 20-amp. Secondary, Oper- 
ating 20-amp., 6000-lumen and 10,000-lumen Masda Series Lampe 


Advantages of 6.6-amp. Series Lighting Circuit with Indi- 
vidual Lamp Transformers 

Low voltage up the pole. 

Line losses with 6.6-amp. approximately 1/10 as 
great as the corresponding losses in a 20-amp. circuit. 

From the standpoint of standard lamp sizes, there 
are more sizes available for 6.6-amp. circuits than for 
20-amp. circuits. 

Lamp outages do not interrupt the high-tension 
series circuit and the burned-out lamps are therefore 
readily located. 

Elimination of film cutouts on the main series 
circuit. 

Protection of lamps from surges. 

Advantages of a 20-amp. Series Lighting Circuit 

Voltage of the constant-current secondary series 
circuit is less than 4 that of a 6.6-amp. circuit. 

The prevailing circuits permit the straight 20-amp. 
circuit and lamp to be used economically without 
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the necessity for an investment in a special trans- 
former. 

A larger number of lamps can be installed on the 
circuit because of the elimination of the inductive 
transformer load. 

Simplicity of installation due to the elimination of 
individual-lamp transformers. 


Disadvantages of a 6.6-amp. Series Circuit with Individual- 
lamp Transformers 


Transformer involves an added investment cost per 
standard. 

Cable connections to transformers are a possible 
source of trouble arising from poorly wiped joints. 
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Transformers represent an inductive load, reducing 
lamp capacity of the constant-current transformer; 
t.e., it lowers the power-factor of the system. 

Underground cable insulation cost is approximately 
twice that of a 20-amp. straight series circuit. 


Disadvantages of a 20-amp. Straight Series Circu it 

High J?R losses in line. 

High inductance losses where standard Parkway 
cable is used. 

More lamp outages caused by failure of improper 
film cutouts. 

High voltage up the pole. 

More lamp failures due to surges. 


Power at $0.02 per kw-hr. (includes line loss, transformer loss, and lamp watts). 
Line loss for 6.6-amp circust, 1 per cent; for 20-amp. circuit, 9.2 per cent. 
6 per cent interest and 10 per cent depreciation on investment. 


Fig. 8 (cont'd). 


Relative Costs of Transformers and Auxiliaries, 15-kw. Capacity, 


of 6.6-amp. Secondary with Auxiliaries vs. 20-amp. Secondary Operating 
20-amp., 6000-lumen and 10,000-lumen Mazda Series Lamps 
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PART VII: THE RESISTOR FURNACE 


By N. R. STANSEL 


Industrial Engineering Department, General Electric Company 


HE statistics of the resistor furnace are not 

complete. The chart given in Fig. 100 indicates 

the growth in the output of these furnaces since 
1920. The figures include what is estimated to be about 
85 to 90 per cent of the total. Some allowance must 
be made for furnaces discontinued so that, on the 
whole, it is believed that the chart gives a fair picture 
of the growth in the use of this type of furnace 
during recent years. The significant feature of these 
data is the continuously increasing kilowatt capacity 


Thousands of Kilowotts 


1920 1921 1922 1923 1924 1925 1926 1927 


ears 


Fig. 100. Accumulation in Kilowatts of Installed Capacity of 
Resistor Furnaces Since 1920 


installed year by year, showing that the resistor 
furnace has obtained a permanent place as a tool in 
industrial operations. 

The only limit in the size of the resistor furnace is 
the practicability of utilization. A parallel case is 
that of the electric motor which, as regards size, 
finds its widest use in small units. By far the majority 
of resistor furnaces are within the size range of 5 
to 100 kw. Sizes from 100 kw. to 500 kw. are com- 
mon, and a number between 500 kw. and 1000 kw. 
are in use. The upper limit in size at present is a 
furnace rated 3000 kw. Like the electric motor, the 
resistor furnace is efficient in all sizes, large and small, 
and its easy divisibility adds much to its value as a 
manufacturing tool. 


The temperature range within which the resistor 
furnace operates is 750 to 2400 deg. F., with some 
latitude as to these limits. The general use of this 
furnace is for heat treatment processes;“) although 
the entire list of its applications includes many 
heating operations which do not come altogether, 
if at all, within the definition of this term. 

Resistor furnaces are divided into two types, vz.: 


(a). Stationary-charge furnaces, known generally 
as batch furnaces. 

(b). Moving-charge furnaces, a type which includes 
the various conveyor furnaces, rotary-hearth fur- 
naces, pusher furnaces, etc., according to the 
mechanical arrangement used for moving the 
material to be heated through the heating chamber. 


The batch-type furnace—as the name implies—is 
used for-heating individual charges. The charge may 
or may not be cooled within the furnace enclosure. 
Several standard mechanical methods of convey- 


` ing the charge to and from the heating chamber 


of the larger furnaces are in use and such furnaces 
are generally known by a descriptive title according 
to the method used, e.g., car-bottom furnaces, in 
which the hearth is mounted on a truck; elevator 
furnaces, in which the hearth forms the platform 
of an elevator, etc. The selection of the method of 
handling the charge is a matter of consideration of 
the size, weight and character of the charge, the 
duration of the heating period, and the rate of produc- 
tion required. The smaller furnaces are usually 
served by hand; and as the size increases an overhead 
crane facilitates loading and unloading. 

The moving-charge furnace has a continuous feed 
(the motion may be either continuous or intermittent) 
the material to be heated passing through the heating 
chamber, past the stationary heating units, at a 
speed suited to obtaining the desired temperature 
of the charge. In some cases a cooling chamber is 
included in the structure of this type of furnace. 
A selection of the form of conveying mechanism in- 
volves consideration of the character of the material 
to be heated, the process, the size and shape of the 
pieces, the volume, and the rate of production desired. 
These factors do not introduce any new problem in 


(%\A heat treatment process is an application of heat to produce a 
product in which quality and uniformity are essential. Part II, p. 564. 


The following table facilitates the location of material hitherto published in this serial: 


Part Issue Figs. Equations Examples Tables Footnotes 
Part I Oct. 1927, p. 488 1 to 23 (1) to (8b) lto 3 I to III (1) and (2) 
Part II Nov. 1927, p. 551 24 to 43 (9) and (10) 4to 6 IV to VII (3) to (13) 
Part III Dec. 1927, p. 600 44 to 57 (11) and (12) 8 to 11 VIII to IX (14) and (15) 
Part IV Mar. 1928, p. 125 58 to 73 (13) and (14) — X to XX (16) to (26) 
Part V Apr. 1928, p. 204 74 to 83 (15) to (21) 12 and 13 XXI to XXIII (27) to (29) 
Part VI Sept. 1928, p. 485 84 to 99 14 XXIV to XXVI (30) to (35) 
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the movement of material in a definite sequence. 
However, with these factors must be combined the 
problems involved in the handling of material at 
comparatively high temperatures; and, following 
this, the method of cooling required which is often 
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Fig. 101. A 30-kw. 220-volt Single-phase Resistor Furnace 


Heating chamber dimensions: Length, 36 in.; 
width, 18 in.; height, 18 in. 


incorporated in the general scheme of the furnace. 
In some cases the problem of the flow of heat into 
the charge has a decid- 
ing influence. Descrip- 
tions of various arrange- 
mentsofresistorfurnaces 
will be given in later par- 
agraphs. 

The larger part of a 
treatment of the resistor 
furnace as a machine 
for the utilization of 
electric energy can be 
based upon the simple 
batch-type furnace, ex- 
amples of which are 
shown in Figs. 101 and 
102. The general con- 
struction of a moderate- 
sized resistor furnace of 
this type is shown in 
Fig. 103. The main ele- 
ments of this furnace 
are: 

(a). The walls of the heating chamber. (This in- 

cludes the hearth, the roof and the door.) 

(b). The heating units or resistors. 6” 

(c). The atmosphere within the heating chamber. 


(7) Resistor: A device used primarily because it possesses the property 
of electric resistance. 
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The functions of these elemental parts are, of 
course, the same for both types of furnaces. 

If there were no limitations as to the shape of the 
heating chamber for a given volume, the first thought 
would be the economics of a cube or sphere. This 
would hold were it not for the necessary door and 
the space factor of the charge. Also in case of large 
furnaces the space occupied by the furnace and its 
weight distribution may be deciding factors in the 
proportions of the heating chamber. With reference 
to these two last named factors a corresponding 
example is the hot-water tank. This has no door 
and the space factor of the content is a maximum, 
t.e., unity; yet an elongated tank is the shape more 
often adopted. 

On account of its movable construction, the door 
of a furnace cannot be made as effective as the wall 
structure proper in its resistance to the flow of 
heat to the air. Hence, the area of the door opening 
should be as small as other considerations will 
permit. The space factor of a charge is always less 
than unity; and the hearth area is increased accord- 
ingly. The length (or depth) of the heating chamber 
of a batch furnace is limited by the facilities for 
loading and unloading the charge. The width is 
limited by the design of the roof. The height is fixed 
by the height required for necessary clearance in 
moving the charge into and out of the heating 
chamber. The result of all of these factors is the 
general adoption of the shape of heating chamber 
for horizontal furnaces in which the length is the 
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Fig. 102. An Installation of Two 50-kw. 220-volt Single-phase Resistor Furnaces 
Heating chamber dimensions: Length, 54 in.; width, 36 in.; height, 23 in. 


greatest dimension. Similar considerations apply to 
vertical furnaces. 

Resistor furnaces are classified according to the 
service conditions as follows: 

(1). Daily use, one shift per day with partial 
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cooling overnight and more complete cooling 
over the week-end. 

(2). Heating—cooling service. In this service the 
charge is cooled to some predetermined temperature 
(frequently the handling temperature) before with- 
drawal from the furnace structure. 

(3). Continuous use. 

(4). Intermittent use. 
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In the case of arc furnaces—in which the tempera- 
ture of the source of heat exceeds the fusion tem- 
perature of the materials available for the furnace 
walls—heat is sacrificed to prevent the building up 
of a temperature within the furnace which would 
destroy the structure. As it is, the wall problem of 
the arc furnace is to obtain an economical life of the 
furnace, particularly of the roof, where the tempera- 
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Fig. 103. The Typical Construction of a Batch-type Resistor Furnace 


Fig. 104. The Steel Framework for a 60-kw. Batch-type 
Resistor Furnace 


R The enclosure of the heating chamber of a resistor 
furnace has a threefold function, providing for: 
(a). Mechanical strength. 
(b). Heat storage. 
(c). The conservation of the energy supplied to 
the furnace. 


ture conditions are most severe. The temperature 
of the source of heat in the resistor furnace is below 
that at which materials available for the lining are 
affected to any great extent; and the lining of the 
heating chamber can be surrounded with heat- 
insulating material with a thermal resistance between 
the heating chamber and the surrounding atmosphere 
as high as may be economical. 

Adequate mechanical strength in the furnace 
structure is obtained in the case of small and medium 
size furnaces by adding to the wall structure 
an outer steel casing, as shown in Fig. 101. For 
the larger furnaces a supporting steel framework 
(as shown in Fig. 104) is provided. In this case 
the outer casing is made of common brick as shown 
in Fig. 103. 

Heat stored in the walls of a furnace is analogous 
to energy stored in a rotating flywheel. In both cases 
we have mass. Temperature corresponds to velocity. 
A flywheel is used to absorb and deliver energy 
corresponding to a varying load so that the power 
demand upon the source of energy supply will not 
exceed a certain value. Heat stored in the walls of 
a resistor furnace is a similar reservoir of energy 
and is utilized in three ways: Furst, to limit the 
demand on the electric circuit to the furnace; second, 
to maintain the flow of heat to the charge when the 
power is off through the functioning of the ‘‘On and 
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Off” control equipment“) (the type of control 
equipment in general use with resistor furnaces); 
and third, to assist in equalizing the distribution of 
the heat flow to the charge. 

. The maximum flow of heat to a charge placed in a 
heating chamber occurs when there is the maximum 
difference of temperature. This, in the case of a 
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Fig. 105. Power Input Curve for a Charge of Steel in a Heating 
Chamber Held at Constant Temperature 
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Fig. 106. Temperature—Time Curves of a Furnace 
and Its Charge of Steel 


heating chamber held at a constant temperature, is 
at the beginning of the heating period. The flow 
decreases as the temperature difference becomes less 
and less and becomes zero when temperature equali- 
zation is attained. This can be pictured as shown 
in Fig. 105. Such a curve represents an undesirable 
load characteristic; and the reservoir of heat formed 
by the walls is drawn upon to supply the peak load 
of the flow of heat to the charge. 


(3)“Industrial Heating a by P. H. Clark, GENERAL ELECTRIC 
Review, September, 1927, 
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When the rate of flow of heat to the charge, in 
diminishing, reaches a value which plus the rate of 
flow of heat to and through the walls is equal to the 
kilowatt capacity of the heating units in the furnace, 
the control equipment begins to function; and the 
power in the electric circuit is alternately switched 
on and off. (When the power is on the walls absorb 
heat and when the power is off heat flows from the 
walls to the charge.) The frequency of this operation 
decreases as the flow of heat to the charge becomes 
less and less and becomes a minimum when tem- 
perature equalization of all parts, including the 
charge, within the heating chamber is attained. 
Through this graduation of the supply of power 
corresponding to the demand a practically constant 
heating-chamber temperature is maintained. 
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Fig. 107. Elementary Diagrams of a Furnace Showing 
(A) the Paths of Heat Flow in Lining, and 
(B) the Heat Insulation 


The utilization of stored heat requires, of course, 
a drop in temperature of the heat reservoir. Hence, 
at the beginning of the heating period there will be 
a temperature drop in the heating chamber due to 
the flow of heat from the walls to the charge. Also 
there is the loss of heat through the door area while 
the door is open to admit the charge. The result 
is that the usual temperature-time curve of a furnace 
shows a drop in temperature at the start of the 
heating period, an example of which is shown in 
Fig. 106. This drop in temperature and the time for 
recovery in any particular case will depend upon 
the design of the furnace, the space factor of the 
charge, the weight of the charge, the normal tem- 
perature of the heating chamber, the initial temper- 
ature of the charge and upon the duration of the 
period that the door is open. Thus in case of a large 
furnace and a small charge quickly inserted, the 
temperature drop would be small and the recovery 
rapid. The effect of this drop in the temperature of 
the heating chamber is only to reduce the rate of 
heating of the charge during the initial part of the 
heating period. 
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A constant temperature of the heating chamber 
usually refers to the temperature of the point in the 
chamber at which the controlling thermocouple is 
located. It is desirable to maintain the temperature 
of the heating chamber constant both to secure a 
continuous rising temperature of the charge and to 
obtain full output from the furnace. In heat treatment 
processes, however, the uniform heating of the charge 
iS a primary consideration. This requires—as stated 
in Part II, p. 551—that there be a uniform flux of 
heat supplied to each unit area of the surfaces of the 
charge. This uniformity is obtained in the resistor 


Fig. 108. Temperature Gradient of a Composite 
Type Furnace Wall 
(A) is the fire brick lining. 
(B) is the outer layer of heat insulation. 
T. = Temperature of heating chamber. 
T, = Temperature of outside surface. 
T, = Temperature of air. 
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Fig. 109. Mean Specific Heat Curve for Fire Brick 
(Bradshaw and Emery) 


k = B.t.u. per sq. ft. per hr. per in. thickness per deg. F. 
temperature difference. 


furnace by a wide distribution of the heating units, 
as shown in Fig. 103, which will be referred to later: 
by radiation (see Part II, p. 553); and with the aid 
of the thermal storage capacity of the inner lining 
of the heating chamber and of the thermal conduc- 
tivity of this lining. The conductivity referred to is 
that along the paths of heat flow parallel to the sides 
of the heating chamber, as indicated by the double- 
headed arrows (indicating flow in either direction 
according to the direction of the temperature dif- 
ference) in Fig. 107(A). The higher this conductivity 
the more effective will be the heat distribution within 
the inner lining. The less the quantity of heat stored 
in this inner envelope, and the higher the thermal 
resistance of the lining, the less effective are the 
thermal properties of the lining in aiding radiation 
toward providing uniformity in the heat distribution. 
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.As regards this thermal storage capacity and its 
effect upon temperature control and heat distribu- 
tion there is no rule to follow, as both the thermal 
storage capacity of the lining and of the charge 
must be considered jointly. In general, the quantity 
of heat stored in this lining—when the steady state 
of heat flow through the walls is attained—should 
exceed by a considerable margin the thermal storage 
capacity of the charge at the given temperature 
to which the charge is to be heated. It will be found 
that there is not a wide range of choice as to the 
thermal conductivity of the inner lining. 
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Fig. 110. Relative Thermal Conductivities of Refractory 
Materials (Phelps) 


As previously noted (Part II, p. 563), the total 
loss of energy from a resistor furnace—with respect 
to the wall structure—during a given period of 
operation is the sum of the loss of stored heat and 
of the loss of heat by conduction through the walls. 
Hence the thermal storage capacity and the thermal 
conductivity as obtained in the complete wall struc- 
ture determine the conversion efficiency of the 
furnace. 

The material most generally available for the 
inner lining of the furnace is fire brick. This material 
has sufficient strength at high temperatures and 
sufficient resistance in other ways against the effects 
of heat. In addition, fire brick has a comparatively 
high thermal storage capacity; and, from the view- 
point of heat insulation, a comparatively high 
thermal conductivity. The last named property is, 
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of course, opposed to the requirement for the conserva- 
tion of heat. Hence, in order to keep the structure 
within economic limits it is necessary to surround a 
fire brick lining with materials which have a low 
coefficient of thermal conductivity, t.e., heat insula- 
tion, as indicated in Fig. 107(B). This in practice 
is the composite wall construction shown in Figs. 
29 and 30 (Part II). The temperature gradient 
through a wall of this construction is shown in Fig. 
108. 

The mean specific heat curve of fire brick given 
by Bradshaw and Emery®) is shown in Fig. 109. 
The average weight of this material is 130 lb. per 
cu. ft. The k-T (coefficient of thermal conductivity 
and temperature) curves of fire brick vary with 
the analyses and the temperature at which the 
brick were burned; the higher the burning tempera- 
ture, the higher the thermal conductivity. The chart 
given in Fig. 110 by Phelps“) gives k-T curves for 
fire brick and of other refractory products. 

The earth product diatomite—a form of a silica 


described in Part II (p. 562)—in general use as the - 


basis of heat insulation for resistor furnaces is avail- 
able in a number of manufacturing shapes and in 
the form of powder. In some cases, the raw material 
is simply cut to size and dried. In others binders of 
different kinds are mixed with the raw material, 
which may or may not have been purified to a certain 
degree; and after being formed into shapes the material 
is given a certain degree of burning or heating. 

The mean specific heat—temperature (k-T) curve 
of diatomite is practically the same as that of fire 
brick (Fig. 109). This earth in its natural state 
weighs from 25 to 30 lb. per cu. ft. The thermal 
storage capacity per unit volume and the coefficient 
of thermal conductivity of the manufactured forms 
vary with the method of manufacture. A k-T curve 
for diatomite in its natural state is shown in Fig. 111. 
The corresponding values of k at one temperature 
for some of the manufactured forms of this material 
as published by the manufacturers are given in 


Table XXVII. 
TABLE XXVII 


DIATOMITE HEAT INSULATION 


Form k at 1000 deg. F. Lb. per cu. ft. 
Brick A 0.85 28 
Brick B 0.68 30 
Brick C 1.22 48 
Block 0.65 30 
Powder 0.52 (x) 


(x) Tamped to approximately 14 lb. per cu. ft. The loose powder weighs 
about 3 lb. per cu. ft. 


Depending upon the method of manufacture, the 
diatomite heat insulating products each have an 
upper limiting temperature above which the insulat- 
ing quality is impaired. As a rule, the higher this 


(2°) Trans. Ceramic. Soc. (England), Vol. 19, p. 84. 
(©) Trans. Amer. Soc. Mech. Engrs., January-April, 1928. 
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temperature limit the higher is the value of k for 
the product at a given temperature. With the com- 
posite wall construction the inner face of the inner 
layer of heat insulation is protected by the inner 
lining of fire brick. The drop in temperature through 
the inner lining is proportional to the rate of flow 
of heat through the lining. Hence the barrier to the 
flow of heat through the wall to the atmosphere 
imposed by the heat insulation must permit a suffi- 
cient flow of heat through the wall to keep the inner 
face of the layer of heat insulation cool, t.e., below 
the maximum temperature specified as the limit in 
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Fig. 111. k-7 Curve for Natural Diatomite 


(Armstrong Cork and Insulation Co.) 


Section A-A 
Fig. 112. Shape Factor Diagram for Rectangular Furnaces 


any particular case. (If the temperature of the heating 
chamber is below the maximum value specified as 
a limit for the preservation of the heat insulation, 
this provision of course does not apply.) From this 
viewpoint, low thermal conductivity of the inner 
lining is desirable. However, by the nature of mate- 
rials, high thermal storage capacity and high thermal 
conductivity go together and, conversely, low thermal 
storage capacity and low thermal conductivity are 
twins also. Hence, in the general class of materials 
used for furnace walls, weight alone is a fair guide 
to the thermal specification of a material. 

As stated in previous paragraphs, the primary 
requirement for the outer layer of the composite 
wall is high thermal resistance. The bottom of the 
furnace, however, requires in addition sufficient 
mechanical strength to support the weight of the 
charge; and the roof design is individual. Hence the 
construction of the enclosure of the heating chamber 
cannot be uniform, but must be of the general 
arrangement shown in Figs. 29, 30, and 103. This 
variation in construction results in variations in the 
thermal resistances of the paths of heat flow through 
different sections of the heating-chamber enclosure. 
Furthermore, the different positions of the outside 
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surfaces of the furnace, top, bottom, and sides, also 
introduce variations in the outside surface thermal 
resistance (see Fig. 11 in Part I, p. 494). The result 
is that the temperature at the inner face of the layer 
of heat insulation (which is the heating chamber 
temperature minus the temperature drop in the 


inner lining) for a given total kilowatt loss by con-' 


duction through the walls will vary at different 
points on the inner face of the layer of heat insula- 
tion. With a constant heating-chamber temperature 
and a steady state of heat flow, the temperatures 
at different points on the outside surfaces of a fur- 


Fig. 113. Shape Factor Diagram for Cylindrical Furnaces 


nace are an index to the variations in the tempera- 
tures around the inner face of the layer of heat 
insulation. The measured values of outside temper- 
atures in one case are given in Table XXVIII. 


TABLE XXVIII 
AVERAGE OUTSIDE SURFACE TEMPERATURE 
OF A FURNACE 
(Heating chamber temperature constant at 1800 deg. F.) 


Location Temperature, deg. F. 
Front wall (door end) 300 
Right side wall 141 
Left side wall 165 
Rear wall 124 
Top 145 
Bottom 167 


Hence, as we deal only with average temperature 
values, some margin should be allowed between the 
maximum permissible temperature in any given case 
and the average value for the inner face of the layer 
of heat insulation so that the maximum sustained 
temperature at any point will not be above the safe 
value. 

By reference to the temperature gradient curve 
in Fig. 108 it is noted that the average temperature 
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of the inner lining of fire brick is much higher than 
the average temperature of the outer layer of heat 
insulating material. Thus, referring to the specific 
heat curve in Fig. 109, the mean specific heat of the 
fire brick will be higher than that of the heat insula- 
tion. The unit weight of fire brick is also much greater 
than the unit weight of the material used for the heat 
insulation. Therefore, for a given temperature pra- 
dient the thermal storage capacity of a unit volume 
of the fire brick lining of a composite wall is several 
times that of a unit volume of the heat insulation. 
The greater total volume of the outer layer of the 
wall does not go far in compensating for this difference. 
Hence in the composite wall construction we have 
the larger part of the thermal storage capacity of the 
structure in one part—the inner fire brick lining— 
and the larger part of the thermal resistance in the 
paths of heat flow from the heating chamber to the 
surrounding atmosphere in the other part—the outer 
layer of heat insulation. 

The general equation for the flow of heat through 
a wall by conduction (Equation (5) Part II, p. 493), 
is based upon a wall with parallel sides and of great 
area. The walls of a heating chamber being joined, 
the area of heat flow is enlarged at each junction. 
The correction of Equation (5) for this condition, 
termed the “shape factor,” determined by Lang- 
muir“) is as follows: 


For heating chambers as shown in Fig. 112 


s=*+0.54 SI+1.2 t (22) 


in which 


S = shape factor for rectangular chambers 
A =inside area of walls in square inches 

t = thickness of walls in inches 
Zl= sum of the lengths of all inside edges. 


For heating chambers as shown in Fig. 113, the shape 
factor 1s 


=“+0.54 spea 


loge a 


(23) 


in which 
S=shape factor for cylindrical chambers 
A=inside area of the top and bottom surfaces in 
square inches 
Zl = sum of the lengths of the inside top and bottom 
edges in inches 
h=inside height in inches 
b=outside diameter in inches 
a=inside diameter in inches. 


Equation (5) as applied to the walls of heating cham- 
bers thus becomes 


P.= SXkmX (Te— To) (5a) 
3412 XK 144 


(1) Trans. Am. Electrochem. Soc., Vol. 24. pp. 53-84. 
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in which 

P,= flow of heat through the wall in kilowatts. 

S = shape factor 

k,,=mean value of k for the material of the wall 
corresponding to the temperature gradient 
through the wall 

T,=temperature of the hot side of the wall 

T,=temperature of the cool side of the wall. 


The door, the roof, and the bottom of a furnace 
must be constructed to suit individual requirements 
and hence all differ from the side-wall construction. 
The outline of a section of the furnace is not a simple 
rectangle. Terminal connections through the walls 
for the heating units and for the control equipment 
must be provided. All of these contribute toward 
lowering the average thermal resistance of the enclo- 
sure of the heating chamber. Hence the actual flow 
of heat from the heating chamber to the atmosphere 
in any given case is greater than the value given by 
Equation (5a). It is therefore necessary to supply a 
suitable constant greater than unity to take into 
account the effect of these factors in an actual fur- 
nace. This constant varies according to the size 
and proportions of the heating chamber; and various 
individual conditions relating to furnace construc- 
tion have an influence such that, on the whole, the 
constant represents the summation of experience 
which cannot be set down in a table of values. How- 
ever, the departure of an actual furnace from the 
simiple outline of Fig. 107(A) does not introduce 
any change in the principles involved; and an example 
not complicated by practical details can be used for 
illustration. 

Example 15. For this example is taken a batch-type 
furnace similar to that shown in Fig. 101 for the 
daily use noted as Class 1 service. The inside dimen- 
sions of the heating chamber are: 


TCM U a EE AE L E E E oe eae See SS 54 in 
Width erinrar areen a ea eet rane 24 in 
Herh eieae n Dire wane ew eee 20 1% in 


The wall construction will be of the composite type. 
A thickness of 41% in. for the fire brick lining is a 
tentative selection—as a matter of obtaining ample 
mechanical strength and of the use of standard 
material. The temperature conditions are: 


Heating chamber............... 0.00 e ce eeces 1800 deg. F. 
Permissible average temperature of the inner 
face of the layer of heat insulation.......... 1500 deg. F. 


Temperature of the outside surface of the fur- 
nace limited to approximately.............. 


Temperature gradient of the wall............. 


150 deg. F. 
Fig. 108 


The shape factor of the fire brick lining as given 
by Equation (22) is S,=1505. The temperature drop 
through the fire brick is T’, = (1800 — 1500) = 300 deg. F. 
From Fig. 110 the coefficient of thermal conduc- 
tivity of fire brick is k,,=9.5. By Equation (5a) the 
flow of heat through the wall is 

P.=8.75 kw. 
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Tests of a furnace having this wall construction 
show a total heat loss at 1800 deg. F. of 10 kw. Hence 


the multiplying constant in this case is C= a =1.15, 


and we have 
P’,.=8.75 XK 1.15=10 kw. 


The temperature drop through the layer of heat 
insulation is 7’;=(1500—150)=1350 deg. F. The 
coefficient of thermal conductivity of the wall is 
the average value resulting from the variations in the 
wall, hearth, and roof constructions. A tentative 
assumption is kj =2.0. The heat flow through the 
layer of insulation is the same as that through the 
fire brick lining. Hence we can place Equation (5a) 
applied to the layer of heat insulation in equality with 
that equation applied to the fire brick lining, t.e., 


S; x k; X T’; = Ss x k, x T’, (24) 


and by substituting values we have as the shape 
factor of the layer of heat insulation, 


S;= 1412 


This value substituted in Equation (22) gives a 
value for the thickness of the layer of heat insulation, 
i= 9 in. 

In the foregoing the temperature drops at the 
inner surface of the fire brick lining and at the joint 
between the two layers of the wall has not been in- 
cluded. These temperature drops are both compara- 
tively small and variable and their effect may be 
considered as giving a certain margin to the assump- 
tions it is necessary to make. 

The total wall thickness is (44+9)=13)% in.; 
and this together with the thickness of the outer 
steel plate casing gives an outside surface area of 
approximately 165 sq. ft. For a total flow of 10 
kw. of heat through the walls, the average rate of 
heat dissipation from the outer surface is 66 watts per 
sq. ft. From Fig. 14 (Part I, p. 495) this corresponds 
to an average outside surface temperature of approx- 
imately (100+ 70 =) 170 deg. F., which in the majority 
of cases would be permissible. 

The volume of the inner fire brick lining is 20 
cu. ft. The average temperature of this lining is 1650 
deg. F. The specific heat from Fig. 109 is s=0.25. 
By Equation (2b) the heat stored in the fire brick 
is ha = 290 kw-hr. 

The volume of the layer of heat insulation is 78 
cu. ft. The average temperature is 825 deg. F. and 
the corresponding value of the specific heat is s=0.21. 
This gives 80 kw-hr. stored in the heat insulating 
materials. 

The total calculated stored heat is (290+80) = 
370 kw-hr. Some allowance must be made for heat 
stored in other parts of the structure and for excess 
material over that required for the elementary furnace 
outline assumed. In an actual furnace of this size 
and type the total quantity of heat stored in the 
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structure with a heating chamber temperature of 
1800 deg. F. is approximately 420 kw-hr. 

From the records of a resistor furnace of this size 
and construction it is found that, after cooling over- 
night from a temperature of 1800 deg. F., the 
energy required to bring the heating chamber tem- 
perature back to 1800 deg. F. averaged 85 kw-hr. 
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and that the total loss of stored heat for a week 
period averaged 600 kw-hr. The corresponding loss 
of heat by flow through the walls during a week 
period averaged 480 kw-hr. This is a fair balance 
between these two losses for this method of opera- 
tion as regards the economic utilization of materials 
in furnace construction. 


(To be continued) 


Floodlighting of the New City Hall, Los Angeles (Cal.), on the Occasion of the Dedication of the 
Building and the Lindbergh Beacon which Surmounts It 


LIBRARY SECTION 


Condensed references to some of the more important recent 
articles in the technical press, and to new books of interest to 
the industry, as selected by the General Electric Main Library. 
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Antennas | 
Characteristics of Certain Broadcasting Antennas at the 
South Schenectady Development Station. H. M. 
O’ Neill. 
Inst. Radio Engrs. Proc., July, 1928; v. 16, pp. 872-889. 


Bus Structures, Power Plant 


Concrete Bus-Structure Tests. Willard A. Kates. 
Elec. Wid., June 30, 1928; v. 91, pp. 1379-1382. 


Capacitors 
Direct-Current Transmission Approximated With Alter- 
nating Current. 
Power, July 10, 1928; v. 68, p. 80. 
(Short account of an installation of three series capaci- 
tors on a New York Power & Light Corp. 33,000- 
volt, 7,500-kv-a. tie-line at Ballston Spa,.N. Y.) 


Cars, Gas-Electric 
Gas-Electric Motor Cars as Applied to Steam Railroads. 
P. M. Gillilan. 
Rwy. Age, June 2, 1928; v. 84, pp. 1273-1275. 
(‘ʻA presentation of the desirable features of differen- 
tial-field generator control.’’) 


Electric Arc 
Probe Measurements in the Normal Electric Arc. W. B. 


Nottingham. 
Franklin Inst. Jour., July, 1928; v. 206, pp. 43-55. 


Electric Drive—Power Plant Auxiliaries 


Factors That Influence the Selection of Motors for Power- 
House Auxiliaries. H. L. Smith. 
Power, June 26, 1928; v. 67, pp. 1145-1148. 


Floodlighting 
Motion-Color Floodlighting. Arthur A. Brainerd. 
Elec. Wid., June 23, 1928; v. 91, pp. 1346-1348. 
(Illustrated description of the installation used on the 
oy 26-story building of the Philadelphia Electric 
Co. 


Glass 


Dielectric Data on “Pyrex.” 
Humphries. 
Elec. Wld., June 23, 1928; v. 91, pp. 1331-1332. 
(‘‘Tests of material over wide range of frequency and 
temperature establish a standard of comparison for 
dielectrics exhibiting ionization and hysteresis lag.’’) 


C. L. Dawes and P. H. 


Inductive Interference 


Effect of Street Railway Mercury Arc Rectifiers on Com- 
munication Circuits. Charles J. Daly. 
A.I.E.E. Jour., July, 1928; v. 47, pp. 503-506. 
(Compares the telephone interference effect of mercury 
arc rectifiers and rotary converters as measured in 
the Bridgeport, Conn. district.) 


Lightning 
Lightning Investigation on New England Power Company 
System. E. W. Dillard. 


A.I.E.E. Jour., July, 1928; v. 47, pp. 489-491. 
(An analysis of the surges recorded during 1927 on a 
75-mile, 110-kv. double-circuit transmission line.) 


Oscillographs 
High-speed Recorder. C. I. Hall. 
A.I.E.E. Jour., July, 1928; v. 47, pp. 516-519. 
(Illustrated description of the design and construction 
of the high-speed recorder. Abridgment.) 


Radio Communication 
Development of Radio Aids to Air Navigation. J. H. 
ellinger and Haraden Pratt. 
Inst. Radio Engrs. Proc., July, 1928; v. 16, pp. 890-920. 
(On the construction and theory of radio beacon 
devices for the guidance of airplanes in flight.) 


Ship Propulsion, Electric 
Electrical Propulsion of Ships. Alfred Regnauld. 
Wid. Power, July, 1928; v. 10, pp. 11-16. 
(Special attention to American practice.) 


Tidal Power 


Tidal Power, and Turbines Suitable for Its Utilization. 
. H. Gibson. 
Engng., June 22, 1928; v. 125, pp. 785-786. 
(From a paper read before the Institution of Civil 
Eapineere) 


Voltmeters 


High-speed Graphic Voltmeter for Recording Magnitude 
and Duration of System Disturbances. A. F. Hamdi 
and H. D. Braley. 

A.I.E.E. Jour., July, 1928; v. 47, pp. 512-515. 


X-Rays 
X-Rays and Their AAT PA to Industry. G. L. Clark. 


Tech. Assoc. Pulp Paper Ind., June, 1927; Ser. 10, 
pp. 63-76. 


NEW BOOKS 
(These and other Technical Books may be purchased through the Circulation Dept. of the GENERAL ELECTRIC REVIEW) 


Aufbau und Entwicklungsmdglichkeiten der Europaischen 
Elektrizitatswirtschaft. 511 pp., 1928, Berlin, Schwarz, 
Goldschmidt & Co. 


(This volume presents a statistical study of the economics 
of the electricity supply industry in Europe. It was 
prepared, with the collaboration of two specialists in 
the subject, by the Economics Division of Schwarz, 
Goldschmidt & Co., a banking firm in Berlin. It con- 
sists of three parts. Part I considers the electricity 
supply industry of Germany. Part II reviews briefly 
the electrical industry of the leading countries of 
continental Europe other than Germany. Parf III 
gives data on the financial structures of the leading 
electric utilities and manufacturers of electrical 
machinery in Europe and South America. The de- 
scriptive accounts are arranged by countries, and 
under each country alphabetically by the name of the 
utility or firm. An alphabetic index of the firm names 
mentioned is provided.) 


Die Wanderwellenvorgange auf Experimenteller Grundlage 
Ludwig Binder. 200 pp., 1928, Berlin, Julius Springer. 
(This book gives us a systematic presentation of the 
experimental work on transient waves in electric 
circuits which has been conducted since 1914 by 
Professor Binder and his graduate students. It is 
issued on the occasion of the one hundredth anniver- 
sary of the Dresden Technical Institute, Germany, of 
which Prof. Binder is Director. The work is divided 
into four main parts. Part I deals with the electric 
spark as a generator of surges and traveling waves, 
and with methods of measuring or observing tran- 
sient phenomena; Part II is devoted to transient phe- 
nomena in high-tension installations; Part III con- 
siders our present-day protective devices, such as 
reactors, condensers, resistors and lightning arresters, 
including a twenty-page chapter on American types of 
oxide-film and autovalve arresters; and Part IV 
deals with the behavior of insulating materials when 
subjected to the action of transients. A short biblio- 
graphy concludes the volume.) 
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Meeting the Demand 


Present-day tendencies toward the use of powdered fuel and the installa- 
tion of electric equipment in the boiler-room require equipment enclosed 
against conductive dust. These cubicles and floor stands were designed 
by General Electric to meet this demand and to provide a uniform 
mounting for field switches, instruments, meters, and control equipment. 


The control equipment is mounted on a separate panel within the stand, 
which is constructed of furniture steel. Doors at the back permit easy 
inspection or adjustment of wiring and devices. A call light, with a 
globe design which harmonizes with the architecture of the building, 
can be added at the top. 


At the Louisville Hydro Electric station, the automatic control and 
indicating equipment for each of eight hydroelectric generators is housed 
in a cubicle. These units can be disconnected immediately, as the 
connecting leads are plugged into the proper terminals by means of 
multi-plug car couplers. Normal operation is possible without opening 
the cubicles, as pull-button switches are built into the front doors. 


Important features which mark these stands are: flexibility as to 
mounting and arrangement of electric equipment; accessibility of parts; 
neatness and compactness of design. 
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STREET RAILWAYS 


We publish in this issue Mr. Owen D. Young's 
address before the American Electric Railway Asso- 
ciation. His remarks are so authoritative that we give 
them in full. 

Whether much can be done to help the street rail- 
way situation is another matter. 

Both our city and suburban railways are only items 
in the broad field of transportation. The question that 
faces us today is: “Can they provide satisfactory 
transportation on an economic basis under our mod- 
ern system of life?” 

All systems and modes of transportation have to 
meet the same problems as other manufacturing con- 
cerns, because they are manufacturers, although it is 
unusual to look at them in this light—their product 
is transportation. They are engaged in manufacturing 
ton-miles and passenger-seat-miles, and their eco- 
nomic success depends upon selling their product at 
a profit. 

If they produce more passenger-seat-miles and 
more ton-miles than they can sell, they, like any 
other manufacturer, are in a bad way. If it costs 
more to produce a passenger-seat-mile and a ton-mile 
than they can get, they are again in a bad way. If 
their product is unattractive to their potential cus- 
tomers, they are in a bad way. 

Unlike many manufacturers, street railway com- 
panies are a Public Service and, as such, are quite 
properly regulated in the interests of the public they 
serve. Perhaps they have been over-regulated. 

A brief glance at some phases of their history may 
help us to sympathize with them in their problems. 

In their beginning, aside from the stage coach days, 
street railways were the only means of local public 
transportation. They did not displace anything older— 
there was no competition. The first in the field were 
the horse car and the mule car. Then came the cable 
car, and then the trolley. 

The trolley car gave such improved service that it 
was supreme in the field of transportation. 

But then the privately owned automobile came 
along and the street railways lost part of their traffic, 
but they did not regard their loss very seriously. 
Next the jitney entered the field of transportation, 
and then the automobile looked like much more of a 
menace, and the trolley companies began to realize 
that there was a new vehicle in the field; but still they 
did not view the situation as really serious—they 
were more annoyed than alarmed. Because after all 
the jitney was usually only a second-hand car and 
was driven by a man who was more concerned with 
the number of nickels at the end of the day than by 
his profit-and-loss account at the end of the year. 
The jitney was an unorganized individual effort. 

Then, again, the number of automobiles materially 
increased, and there was soon an appreciation of the 
fact that the privately owned cars were beginning to 
make real inroads upon the number of riders in the 
street cars. 

Then came the commercial truck which was the 
logical development of automobile equipment, and the 
bus now made its appearance, which was substantially 
only a different tvpe of body on a truck chassis. 


Now the automobile manufacturer woke up to the 
fact that there was a new field of enterprise which 
offered them an attractive market, and so it came 
about that the bus became an active competitor of 
the trolley car. Automobile salesmanship was more 
of the go-get-it type than prevailed in the sale of 
trolley cars. 

The manufacturers of trolley cars were accus- 
tomed to build standard equipment and to submit 
bids on it to the trolley companies. On the other 
hand, the automobile salesman sought an interview 
with the railway management and pointed out the 
superior qualities of his vehicle; and, furthermore, 
the automobile industry carried out an active cam- 
paign in improving the buses as it learned the require- 
ments by experience. It retained those features which 
were desirable and further improved its buses by 
eliminating features that had proved unsatisfactory. 

It was not until then that the manufacturers of the 
trolley car woke up to the fact that a very rapid 
advance had taken place in the development of buses, 
and, being faced by a serious loss of business, they 
earnestly undertook to improve the trolley car by 
reducing weight and enhancing the appearance. 

The production of these new means of transporta- 
tion—the buses with mechanical drive—new buses 
with electric drive—the trackless trolleys, or electric 
coaches as they are now called—the numerous new 
developments and improvements in the former con- 
ventional trolley car—presented a problem of “‘choice”’ 
to the operating companies quite different from that 
of the day when they had only to decide how large 
a trolley car they wanted to buy. 

Whatever types of equipment survive must give an 
attractive service to its patrons and must win suff- 
cient patronage to guarantee the general expenses, 
depreciation, and maintenance charges involved in 
operation. 

The trolley car is becoming something of a bus, 
and the bus is becoming something of a trolley; which 
will stand the test of the survival of the fittest remains 
to be seen. The time has now arrived to build a new 
structure on what values are still left in our old trolley 
systems. The form which this new structure shall 
assume must be left to our transportation experts. 

That some change in the general condition of our 
street transportation is necessary is apparent to all 
who observe the conditions of our city streets. The 
ever increasing numbers of automobiles that have 
made such inroads upon the receipts of our trans- 
portation companies have also resulted in a serious 
interruption of the automobile traffic itself. 

The streets of our cities are intended for, and should 
be used for, the movement of traffic. The parking of 
cars in our streets seriously curtails their use for this 
purpose. It interrupts the movement of all vehicular 
traffic, including automobiles and trolley cars. 

Will restrictions as to parking prove the logical 
consequence ? 

When the solution has been found, the days may re- 
turn when the transportation companies will again en- 
joy an increasing demand upon their facilities, whether 
it be trolley car, bus, or electric coach. J. R. H. 
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The Street Railway Industry 


By OWEN D. YOUNG 
Chairman of the Board of the General Electric Company 


Mr. President, and Gentlemen of 
the American Electric Ratlway 
Association: 


Up in the country where I live 
there is anold farmer, a friend of 
mine, who has a pair of horses. 
They are good horses, for he 
knows good horses. He likes them 
so much that he has fallen into 
the habit of talking to them. So 
now every morning when he 
starts out he bets them five dol- 
lars that they will get a licking before the day 
is done. 

The public keeps the street railway industry just 
as the farmer keeps his horses, because it needs the 
service and knows it to be indispensable. The public 
is less wise than the farmer, because it does not feed 
the railways well enough to enable them to do their 
best. It has fallen into the same kind of habit, after 
years of practice, of talking to the industry. It is 
indeed rather a dull morning when the public, in 
one form or another, does not threaten to lick the 
industry before the day is done. 

Now that talk, like the farmer’s, is partly a matter 
of habit. It is partly a matter of psychology too. 
Neither expects to execute the threat but both get 
a certain satisfaction from this indirect declaration that 
they are masters and that the horses or the railways, 
as the case may be, are servants—and only servants. 

My old friend would not keep a balky horse, or a 
kicking horse, or one that would not respond to the 
rein, one determined to go where he wanted rather 
than where his master wanted. 

There was a time when the industry was none too 
well broken to harness. It rather wished to dictate 
than to serve. Those days have long since gone. 
Perhaps the public wished to tame the spirit of its car- 
rier by underfeeding. Ifso,it is clear that it has done it. 
In fact, it is equally clear that it has overdone it. It 
is time for the public to know that it has not only 
weakened its servant but it has impaired its service. 

Mr. President and gentlemen, I salute you as men 
of courage and determination. For fifteen years you 
have had a most difficult job to do. One day I hope 
that the American people may understand that in 
the face of adverse economic tendencies, in spite of 
the rapid technical advance in motor cars, in defiance 
of unjustifiable political assault, you have patiently 
rendered the best transportation service which you 
could, under the circumstances, in the congested 
areas of the United States. You have held the fort 
while the battle was going on between these great 


We publish unth much pleasure 
Mr. Young's address before the 
American Electric Ratlway Asso- 
ciation delivered at Cleveland, O., 
on September 25th. This address 


as so forcible and useful that we 
trust that zt will help in moulding 
the happier future for our street 
ratlway industry. —EDITOR 


conflicting forces, the battle which 
was to settle, perhaps once and 
for all, the important question of 
what agencies are best adapted to 
local transport. Has not that bat- 
tle reached its equilibrium? If so, 
why not survey the lines and face 
the facts? After all, what the pub- 
lic wants and should have, and 
what it will ultimately get, is the 
best means of public transporta- 
tion. You are the men who have 
been trained in that undertaking. You are the men 
who are skilled in that business. To you the public 
has a right to look to provide means to meet its 
pressing needs. 

We shall have to learn in this country that as our 
life becomes more complex, as our tools become less 
simple, as large numbers of our people become segre- 
gated into specialized groups, each group doing its 
particular part in the operation of the vast machine 
of modern life, that the way of progress is through 
the utilization in the highest degree of the knowledge 
and experience of those specialized groups. And 
conversely, such groups will have to learn that they 
are the trustees for the public as a whole of their 
specialized art and business, and to the extent which 
they fail in the performance of that trust they injure 
themselves individually and the group to which they 
belong. Therefore, I say it is your duty, as specialists 
in the field of local transportation, to advise the 
public how their needs can be most economically, 
efficiently, and adequately met. It is also true that 
the public will do well to take your advice. 

It is interesting to see how thoroughly we have 
accepted this principle in some things and how 
strangely we resist it in others. If we wake up some 
morning and find our eyesight impaired, and face 
the dark tragedy of what might further happen, we 
do not call up our ward leader nor even our alderman 
for advice as to what we should do. Even our trained 
family physician will not do. Even the general prac- 
tising oculist will not do. No one but he who has 
spent long years in study and experience of highly 
specialized cases similar to our own will do. Yet 
when we ride down to his office on the local trans- 
portation system, we may be impatient of the delays; 
we may be crowded and not comfortable; and the 
thought comes through our mind in angry protest 
that we will complain to our politicians and our office 
holders and office seekers, in order that they may cure 
our transportation ills. How often in such a situation 
do we ask the men responsible for the transportation 
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why it is they cannot do better? How often do 
we pledge ourselves to aid them in getting the condi- 
tions which are necessary for our convenience and 
our comfort. We take the doctor’s prescription for 
our eyes, but we refuse it for our railways. 

Has not the time come for the public to take 
account of stock? Conditions of local transportation 
are growing worse. If we were to find a new program 
now there would be a long interval before it could 
be made effective, and during that time conditions 
will continue to grow worse. Plainly, it is time to act. 
Private automobiles must have reached the maxi- 
mum, or at least near the maximum, in per capita 
distribution. Motor buses and motor cabs have been 
operated on a sufficiently large scale and over an 
adequate length of time to enable us to determine 
the conditions under which they can render the best 
service. The electric cars on rails, on, above or below 
the ground, have demonstrated that under certain 
conditions they are an absolutely essential means of 
transportation. Why not, therefore, meet the problem 
now? Why should electric cars be run where a motor 
bus can do the job better? Why should private motor 
cars be parked on our streets as a slight convenience 
for their owner when they clog the way for motor 
buses or railway cars and thereby waste the time of 
hundreds? I have often wished that some competent 
statistician would compute and state the cost to the 
community of parking a car in a congested street 
on land of tremendous value. Let him figure the 
value of the space, measured by surrounding private 
values. Let him figure interest and carrying charges. 
Let him figure the cost of the time lost by the hun- 
dreds or the thousands of people who are delayed in 
the parking of that car. I venture the guess that 
it would not take long to show that from the stand- 
point of the community we could better afford to 
buy private lots on Fifth Avenue and raze the build- 
ings for parking spaces rather than have our streets 
cluttered as they now are in the congested communi- 
ties of the country. Why permit motor buses to 
occupy our streets for long haul business when sub- 
ways or elevated roads can do it quicker and better? 
Why not reduce our public transportation in congested 
areas to an orderly, controlled, and regulated system 
best adapted to our needs? And why not do it now? 

So much for the determination and allocation of the 
agencies of transport. This, in a way, is the simplest 
and the easiest part of the problem. Much more must 
be done. If new and adequate facilities of transporta- 
tion are to be provided, money must be found to pay 
for them. By and large, I believe that our means of 
local transportation are more inadequate and un- 
satisfactory than any other part of our modern 
machine. That means that the facilities should be 
in substantial part rebuilt, and that they should be 
vastly improved and extended. That requires large 
sums of money. Now there are only two ways of 
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securing capital for such an enterprise. One is to 
create a situation where private capital will volun- 
tarily invest. The other is to take the capital away 
from the individual involuntarily through taxation 
and provide facilities by public ownership. I say 
in this case, as I have said elsewhere, that it is vastly 
more important to the public to get the job done 
than to debate forever how, as between these two 
systems, it ought to be done. Let no one misunder- 
stand that statement whether it be applied to rail- 
ways or to other public utilities. I believe it to be in 
the interest of the community that such facilities 
should all be provided by private capital. It is not 
because the government could not build, manage 
and operate these systems. The government can. 
It is because there can be no economic check on the 
enterprise unless it has to go into the market for its 
capital. And unless there is an economic check on the 
enterprise there is no real way of measuring the 
value of its service. There are those who believe 
that in this country we can substitute the political 
check for the economic one. I do not. Whenever 
public facilities are to be provided, it is the safest 
for the community as a whole that the cost should 
be commensurate with the need, and the best way 
to determine that is to see whether people will pay 
enough for the service to attract the capital to that 
enterprise. Then you have a constantly working 
referendum. If, however, you delegate that question 
to a few politicians, they will be acting upon the 
political expediency of the moment, and they have the 
power to take the capital out of the individual pocket 
involuntarily. Therefore, I say that in so far as the 
community can secure the public service needed 
through private ownership and private capital, it is 
wise and more economical in the long run for the 
community to do it so. Even if the private capital 
gets one or two per cent more than it should, it will 
still be more economical for the community as a 
whole. It will be the part of wisdom to resolve the 
doubt on the side of good credit as an insurance of 
ample capital supply even in the worst of times, and 
therefore of service at all times. 

Now I must hasten to say too, lest I be misunder- 
stood, that there are some public services which have 
such large social significance that they cannot be 
translated into economic terms, and therefore private 
capital cannot be called upon to meet such needs. 
In such cases I shall always be in favor of taking the 
capital involuntarily from the taxpayer, because in a 
country as rich as this we must keep our social 
machinery in line with our economic resources. 

So, Mr. President, I think our facilities for local 
transportation should be paid for by private capital, 
at least until it 1s demonstrated that our social 
needs for distribution of the population are so great 
that we cannot get the results through our usual 
financial machinery. I can well understand that 
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situations may arise, and perhaps even exist, in this 
country today, where it is of vital importance to a 
congested area to distribute its population throughout 
suburban districts. It may be important as a matter 
of health to get the sunshine and open spaces and air 
of the country. It may be important as a matter of 
morals not to pack our people too closely. It may be 
important as a matter of mob psychology not to 
encourage congestion. It may be that the price which 
individuals will pay to avoid those conditions is not 
such as would enable private capital to carry large 
numbers long distances. In such cases there is no 
way for the community to solve its social problems 
except to provide transport facilities through taxation 
or to make up the normal economic deficit between 
what individuals are willing to pay to escape, and 
what the community is willing to pay to induce them 
to escape, the evils of congestion. By and large, I 
think in this country we are still able to get private 
capital to do the job, but that means coöperation 
on the part of the public authorities with you gentle- 
men who understand the business of transportation, to 
create a situation in which the credit of local transpor- 
tation companies can be established and maintained, 
in order that private capital may be acquired. 

What are the elements necessary to establish such 
credit? First, the rate of fare, must be such as to pro- 
vide a grossincome adequate, afterdeducting operating 
expenses, including maintenance and reserve, to yield 
a fair return on the capital required for the facilities. 
Second, that situation must be insured by satis- 
factory franchises for such a period as will warrant 
permanent investment. Third, in my judgment, a 
monopoly should be established of local transporta- 
tion facilities of all kinds, and the rates and service 
should be regulated by the government so as to give 
to the public the best service and lowest rates con- 
sistent only with such return as will always enable 
them to get the capital desired for their needs. Unless 
we havea monopoly and public regulation. we must do 
the job bycompetition and I believe that in this field of 
transportation competition is not an effective regu- 
lator; it is merely a destructive one which can come to 
nothing else but government ownership in the end, and 
if that is so we might as well take it in the beginning. 

So I say let us provide ample cred:t for our trans- 
portation companies. Let us give them sound fares. 
Let us demand from them adequate facilities. Let 
us build up a situation where we get sufficient capital 
to meet all of our transportation needs, and let us 
do it quickly in order that the horrible congestion 
which now exists in some of our great cities, which 
is not only uneconomic but immoral, shall be abolished 
from this country, which at least is rich enough to 
provide, one way or another, decent transportation 
facilities for its people. 

All of the financial water has been drained off the 
railways as a result of the experience of the last 
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few years. Some part of the substance has gone too. 
but the values which now remain are, in my judg- 
ment, reduced to the lowest terms and should furnish 
a sound basis for new capitalization and new capital. 
provided satisfactory conditions for the future are 
granted by the public. In a word, I am not pessimistic 
about the street railway values which are left. It is 
now time to build on them the new structure which 
the public needs and which the initiative of you, men 
skilled in the business, must provide. 

So, Mr. President, 1f we can determine what 
agencies are the best for the job and we can deter- 
mine how we will pay for them, whether by public 
or private capital, and if by private capital at the 
lowest rate, then we shall be on our way toward a 
real solution of this vexed question which at present 
is a disgrace to the intelligence of the American 
people. May I mention some of the slogans which 
bar the way. First and most persuasive of all, the 
5-cent fare for all distances and under all conditions. 
Well, the 5-cent fare is the disease of our coinage 
and our fluctuating price level. It is the attractive 
germ by which politicians inoculate the public with 
an apparently incurable and progressive ailment. 

Let us look for a moment at the justice of this fare 
question. The average increase in the general price 
level of this country between 1913 and 1928 is 
approximately 60 per cent. In other words, it takes 
at least $1.60 to buy goods today which could have 
been bought in 1913 for $1.00. If this same per- 
centage of increase were applied to street railway 
fares, it would mean that an 8-cent fare is now. 
measured by commodity prices, only the equivalent 
of a 5-cent fare before the war. This is, as a matter 
of fact, the general average now attained, but un- 
fortunately this does not answer the whole question. 
Everyone knows that the law lags behind economic 
change. Increase in costs and competition from the 
motor industry did not wait upon the deliberations 
of public service commissions; increase in the fare 
necessarily did. The result speaks for itself. I need 
only say that, as a consequence, there is an enormous 
slack to be taken up, and the inevitable losses of the 
past few years, not so much to stockholders through 
the suspension of dividends as to the service through 
depletion of funds for maintenance and reserve, 
make adequate rates today all the more imperative 
if the service is really to be restored. 

Even this is not the whole story. For example. 
the level of wages in this country has increased dur- 
ing the same period on an average, not of 60 per 
cent, but of 120 per cent, and it is a fact that the 
price of labor is a much more important item in 
transportation costs than the price of commodities. 
If we were to apply that percentage of increase to the 
5-cent fare, we would find that 11 cents now is no 
more than the equivalent of 5 cents in the earlier 
days. So it may not be far out of the way to say that 
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somewhere from 8 cents to 11 cents is the equivalent 
of the old 5-cent fare. This only assumes, of course, 
that the service of today shall be no better than the 
old service, but we all know that improvement is 
demanded, and rightly demanded, everywhere. High- 
speed service, overhead service, underground service, 
more reliable service, is the rightful expectation and 
demand of the public. Improvements can be made 
and will be made, but it is neither wise nor just for the 
public to make demands and then set up obstacles to 
performance. 

Certainly the farmer in 1928 does not expect to 
feed his horses half the oats he did in 1914 and yet 
get the same service from them. That is exactly, 
however, what the public is demanding where it 
still insists on the 5-cent fare. If a 5-cent fare is 
insisted upon where on the average it costs 8 cents 
to transport, why talk about private capital doing 
that job? It simply cannot be done. Nor can it be 
done any cheaper by public capital, but we can tax 
the community instead of the individual rider to 
make up the difference. To all advocates of a 5-cent 
fare when it costs 8 cents to transport I say, not in 
the interests of the street railway industry but in 
the interest of the public, be fair with your slogan. 
Do not expect private capital to do the job under 
those circumstances. Frankly say that you are for 
government ownership and that you intend to tax 
all people to give riders carriage for 3 cents less than 
cost. Let us cut out the nonsense and get down to 
business. The fare, however, cannot be such as to 
defeat the very distribution which is necessary to 
the social needs of the community, and when it does 
we shall have to take the social penalty or go to 
government subsidy or ownership. 

There are many minor charges, Mr. President, 
against local transportation companies, such as con- 
tributions to paving and premiums for this, that or 
the other which I will not mention. Once they were 
a vital item in the street railway business. Now it is 
well understood that they are only special taxation 
upon the riders themselves. All of such special charges 
will have to disappear. 

Mr. President, I shall be bold enough to speak of 
one more condition affecting the electric railways 
of the country which has tended to create some con- 
fusion in the public mind, and has perhaps to some 
extent delayed both the public and the industry in 
meeting the basic issues involved in adequate street 
railway service. I refer to the practice of unifying, 
either in fact or in treatment, the investment in the 
local railway service with that of the light and power 
service. In such a case, if the light and power rates 
provide a satisfactory return on the total investment, 
there is no great pressure on the part of the owners 
to force the issue with the public of a sound economic 
rate of fare on the railways. By and large, it is con- 
ducive to the comfort of the local utility management 
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and to the comfort of public authorities to permit 
the continuance of a low rate of fare on the rail- 
ways which will be locally popular, and continue 
the light and power rates on a higher level in order 
that they may supplement the return on the railway 
investment. 

Now, I do not mean that this situation results from 
bad faith on the part of anyone. In many situations 
in this country the railways and the electric power 
and light properties have been combined for many 
years. The naturalness of the combination is self- 
evident. The railway is a large consumer of power. 
It turned out to be economically unsound, for the 
most part, for the railway to maintain its own separate 
power station. It therefore became a large customer 
of the central power system. Besides this, the over- 
head and management and engineering costs of the 
railway could frequently be diminished by unification 
with the power and light organization. And latterly, 
as the railway credit became impaired, it was often 
possible to get new money for railway purposes when 
the railway properties were unified with power and 
light properties. In a word, while railway property 
might not be good credit, power and light property 
was. The consolidation of these properties very largely 
took place prior to the time of large unification of 
power properties. Consequently, during the last 
fifteen years, it has frequently been impossible for 
the power companies to acquire important units of 
local distribution in their systems without buying at 
the same time the local street railway property. 
Having acquired it they naturally and appropriately 
wanted a fair return on the invested capital. But 
the point which I wish to make is that they were 
not greatly concerned whether each property stood 
on its own economic feet. Being human, they were 
willing to acquiesce in an uneconomic railway situa- 
tion if the valley of the railway net could be made 
up by an adequate peak in the light and power 
earnings. For many communities I am not saying 
that this was a bad method, certainly as a matter of 
expediency. The harm came to the industry when the 
fares on such unified properties were compared with 
the railway fares in some other community where 
the transportation property was not unified with the 
power and light service. There is no more persuasive 
argument against an increase in fare than to point 
out that another community, perhaps of about the 
same general size and having similar operating con- 
ditions, is paying less for its transportation than 
either the present or a proposed new rate. So there 
are today throughout the United States certain rail- 
way situations where uneconomic fares are being 
charged without protest by the owners, and of course 
with the full approval of the public authorities. 
These situations tend to delay the complete rehabili- 
tation of the railway industry as a whole, and are 
therefore regrettable. 
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By and large, I believe it will be better for the 
industry and for the public to face frankly the ques- 
tion of providing an adequate return on its transport 
capital either from fares or through a frank subsidy 
from the public treasury. To levy a special tax on 
power and light users to supplement an inadequate 
railway fare is, in my judgment, unsound in prinicple, 
and will in the long run delay the best development 
of both industries. If that be true, then each com- 
munity should provide for each service such rates 
as will yield a fair return on the investment in that 
particular service. It would be highly unfair in cases 
where they have acquiesced in unification to reduce 
the power and light rates without providing at the 
same time an adequate return on the railway invest- 
ment. Perhaps that is too much to expect of politics, 
but I, for one, shall never lose faith in the soundness 
of judgment nor the fairness of spirit of the American 
people if problems are put to them frankly and clearly. 
Secrecy and confusion are the enemies of confidence. 
Confidence is the basis of business. It is the sound 
insurance of fair treatment for men and money that 
render a public service. 

The public must know that while it can exhaust 
the capital now sunk in the industry by unfair treat- 
ment it cannot by such means induce new capital 
to go in. That, unfortunately, is our situation in 
many places today. This must be corrected, and I 
have confidence that the masses of the people, even 
over the heads of their political leaders, will insist 
on such correction if the matter be properly presented. 
So too, the public must remember that while it may 
keep the old men in the business, it will not be able 
to impress young men into its service unless the 
conditions are sound and attractive. The young 
men of these days will not embark on the voyage of 
life in an unseaworthy ship. There are too many fine 
vessels in other lines putting out of the harbor every 
day. I say this not to discouarge young men, but to 
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warn the public. If the conditions are corrected, I 
know of no field of service in which ability and leader- 
ship should be more generally appreciated or more 
generously rewarded than in this great field of local 
transportation. For, as I have said before, this is a 
business which meets not only an economic require- 
ment but a highly pressing social need in all great 
congested communities. 

And so, if I may summarize the things which I 
believe in, they are: 

First: That the business of local transportation 
should be a monopoly, publicly regulated as to rates 
and service, with a fare adequate to attract private 
capital if such fare can be obtained, and if not then 
the distribution needs of the community should be 
satisfied through the tax levy, either under public 
ownership or as a contribution to the deficit in 
private ownership. 

Second: That private ownership be adopted in all 
cases where it can meet the needs of the community, 
and when adopted that the conditions be made such 
that the safety of the capital be adequately insured 
and the rate of return be as amply provided for as 
in any general business in order that the cost of the 
capital may be not greater for these enterprises than 
for others. | 

Third: That the transportation company, whether 
it be publicly or privately owned, use the means best 
adapted for the most efficient and economical trans- 
portation of the public which it serves. I hold no 
brief for electricity, except that if it-cannot be used 
in local transportation it will have met its first great 
defeat. If it can be used advantageously, then our 
research and engineering, under the impetus of a new 
spirit and in the light of a pressing need, should be 
drafted into service to redeem an industry and an 
art which has been able to survive during these last 
fifteen years only by reason of the courage and deter- 
mination of the men who have administered it. 
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Design and Construction of the 110/33-kv. Outdoor 
Substation of the Elmira Water, Light, and 
Railroad Company 


By L. G. SAWYER 
Electrical Engineer for E. L. Phillips and Company 


electric power in the section of New York 

State which it serves, the Elmira Water, Light, 
and Railroad Company has recently put into opera- 
tion a 110-kv. to 33-kv. switching and transformer 
substation near the city of Elmira. General views 
of the substation are shown in Figs. 1, 2, and 3. 


T supply the rapidly increasing demands for 
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capacity of approximately 27,000 kv-a. The 33-kv. 
system will receive energy also from a generating 
system which has an approximate capacity of 21,000 
kv-a. 

The present capacity of the substation as equipped 
is 10,000 kv-a. in transformers, with four present and 
two future 110-kv. lines and with eight 33-kv. lines. 
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Fig. 2. The Substation as Viewed from the Side Opposite to That in Fig. 1 


This substation will be the connecting link between 
three independent generating and transmission sys- 
tems. Two of these systems are of 110 kv. and the 
third is of 33 kv. The generating stations for the 
110-kv. systems are over 100 miles apart, and the 
generating station for the 33-kv. system is but a 
few miles from the substation. Energy will be trans- 
mitted to the substation, over distances of approx- 
imately 50 and 70 miles, from each of the 110-kv. 
systems at 60 cycles by two aluminum-cable steel- 
reinforced 3/0 lines, supported on steel towers. 
A portion of the electrical energy will be transmitted 
between the 110-kv. systems through this substation, 
and the remainder will be tapped off and transformed 
to 33 kv. for distribution to various other substations 
and a secondary transmission system having a total 


The ultimate capacity of the station has not been 
determined, but provision has been made for an 
additional bank of transformers and the 33-kv. 
section has been so designed that several bays of two 
feeders each may be readily added. The size of the 
transmission lines is the only limit to the ultimate 
capacity of the station. No provision has been made 
for the correction of power-factor by the use of 
synchronous condensers at the station. 


110-kv. Structure 

Owing to the wide spacing required for the 110-kv. 
conductors, it was decided that the skeleton and box- 
girder or sectional type of construction would be the 
most economical. This construction consists of several 
detached towers built of light, galvanized steel shapes 
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SUBSTATION OF THE ELMIRA WATER, LIGHT, AND RAILROAD COMPANY 


which are set up with buses of stranded wire sus- 
pended between them by the aid of strain insulators, 
as illustrated in Fig. 4. This type of construction 
lends itself readily to the topography of the country 
where it is to be located as well as to changes in 
length of bus. For instance, it is possible to sec- 
tionalize a bus by the aid of a strain insulator and 
insert an oil circuit breaker by moving one or more 
of the steel structures a few feet without the pur- 
chasing or erecting of more steel, which is not the 
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Fig. 7. The Two Banks of Three 1667-kv-a. 110/33-kv. 
Transformers 
case with the framed-in or composite type of struc- 
ture. Cross buses were installed by using different 
lengths or heights of structures. The connections 
between the buses were made by vertical drops at 
points where the buses crossed. 

The substation throughout is of the double-bus 
type and has a tie bus which serves the two-fold 
purpose of tying the two lines together (enabling 
energy to be fed in on one line and out on another, 
or both in the case of an emergency) as well as a 
suitable place for tapping off the transformer feeds, 
so that the transformer banks may be fed from either 
or both lines as desired, by the use of air-break 
horn-gap switches. 

For the protection of the substation against surges 
and lightning discharges, oxide-film lightning arresters 
were installed as shown in Fig. 5. Ultimately, each 
110-kv. line will be additionally protected by oil 
circuit breakers similar to those referred to later in 
this article. At this time. however, only one 110-kv. 
line is in service; the three additional lines are ex- 
pected to be placed in service in the near future. 
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Energy as received over the 110-kv. lines will be 
measured through two oil-insulated 110-kv. current 
and potential transformers, shown in Fig. 5, which 
will supply energy to the meters. 


33-kv. Structure 

The 33-kv. structure, which is shown in Fig. 6 and 
which is adjacent to the110-kv. structure, is of thesolid 
beam and girder or framed-in type of construction with 
rigid double bus of copper tubing and post-type insu- 
lators. The circuit arrangement of the structure is such 
that either or both banks of transformers may be 
switched to either or both buses at the same time. 
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Fig. 8. The 110-kv. Circuit Breakers and Transformer 
Servicing House 


The same condition holds true for each of the eight 
33-kv. feeders. Each transformer bank and each feeder 
are protected by 33-kv. oil circuit breakers which will 
be described in another paragraph of this article. All 
of the oil circuit breakers can be isolated by the use 
of 37-kv. remote-operated disconnecting switches. 


110/33-kv. Transformers 

The transformation of energy from 110 kv. to 33 
kv. in this substation is accomplished by two trans- 
former banks each consisting of three 60-cycle 1667- 
kv-a. 55-deg. C. single-phase oil-insulated self-cooled 
outdoor-type transformers having one approximately 
5 per cent tap above and two approximately 5 per 
cent taps below normal voltage rating. These units 
are shown in Fig. 7 and are protected on both the 
high- and low-tension sides by oil circuit breakers. 
At the present time only overload protection is used, 
but when the complete equipment for the substation 
is installed the transformers will be provided with 
differential protection together with overload pro- 
tection on the high-voltage side. 
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Oil Circuit Breakers 

As will be seen from Fig. 9, only two 110-kv. 
circuit breakers are now installed, and these are 
on the high-tension side of the transformers. Pro- 
vision has been made for the future installation of 
breakers on the four 11Q-kv. lines. The — 
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sustained voltage of 33 kv., based on an OCO plus 
an OCO duty cycle. The breakers are so designed 
that their rupturing capacity can be increased 
when necessary by the substitution of new tanks 
and contacts without disturbing the main switch 
structure. 
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Fig. 10. Diagrams of the 33-kv. Section of the Substation 


breakers have a published rupturing capacity of 
2600 amp. at 110 kv. sustained voltage, and are illus- 
trated in Fig. 8. 

In the 33-kv. side of the transformers and in the 
eight 33-kv. feeders are 800-amp. 37-kv. triple-pole 
single-throw oil circuit breakers, Fig. 11, having a 
published rupturing capacity of 4480 amp. at a 


Both the 110- and 33-kv. oil circuit breakers are 
operated by universal motors on either 220 volts 
a.c. or 125 volts d. c. Normally, the breakers are 
closed by alternating current and tripped by direct 
current. The direct current is used for closing only 
in emergency. All the breakers are equipped with 
bushing-type current transformers, for relaying. 


SUBSTATION OF THE ELMIRA WATER, LIGHT, AND RAILROAD COMPANY 


Switchboard 

The control and relay apparatus as well as the 
metering instruments are mounted on a sixteen-panel 
switchboard consisting of two rows of panels, back 
to back, separated by a distance of six feet. The front 
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grating, so that unauthorized persons cannot go 
behind the boards. In the floor between the switch- 
board panels is a trench which is approximately three 
feet in depth and which is covered by removable 
checker plates. All control and metering cables are 


Fig. 11. The 33-kv. Section of the Substation, Showing the Oil Circuit Breakers 
and Lightning Arresters 
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Fig. 12. The Control and Indicating Instrument Panels 


row of panels (Fig. 12) carry the control switches 
and indicating instruments. The rear row of panels 
(Fig. 13) support the relays and watthour meters. 
The space at the end of the panels are closed by a 


Fig. 13. The Relay and Watthour Meter Panels 


brought into this trench through a conduit from its 
respective transformer or switch, and then along the 
trench to a point just beneath its panel where it is 
brought up through the stationary checker plate 
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at the rear of the panels in a chase nipple. All control 
cables in this trench are lead covered and run in flex- 
ible steel conduit. 

The cables between the control and relay boards 
also pass through this trench. The trench serves as a 
very flexible means for connecting the cables to the 
boards; and it enabled the construction crew to lay 
the concrete floor long before the locations of the 
terminal blocks or arrangement of panels were de- 
cided upon. The control of the substation required the 
laying of approximately 18,000 ft. of underground 
duct and approximately 25,000 ft. of wire and cable. 


Control Battery 

For the tripping of the oil circuit breakers and the 
emergency closing of them, it was necessary to pro- 
vide a storage battery, which would also supply 
lighting for the station during an emergency. The 
current required for closing the largest breaker 
by direct current is 180 amp. at 125 volts. In pre- 
determining the size of battery it was estimated that 
the most severe service would be the closing of the 
16 breakers one at a time in rapid succession and the 
carrying of an emergency load of one kilowatt in 
lighting for a period of three hours before the battery 
voltage would drop to 1.75 volts per cell, or 105 volts 
across the battery. 

For this service there was chosen an Exide battery 
which consisted of 60 cells in self-sealing glass jars, 
and which carried a guarantee of 25 amp. discharge 
for 8 hr., 100 amp. for 1 hr. or 250 amp. for 1 min., 
to a final voltage of 1.75 volts per cell. 


Battery Charging Unit 

The battery manufacturer recommended that 
the battery be floated across a charging device, or be 
given a continuous trickle charge, thus keeping it 
in a fully charged condition at all times. For a con- 
tinuous trickle charge, it was recommended that the 
battery be charged at a rate equal to one-eighth of its 
8-hr. normal charging rate. In order to supply current 
at the recommended charging rate, and at the same 
time carry the pilot lights on the switches, it was 
necessary to have a charging device capable of 
delivering 750 watts. 

A 1-kw. generator having a continuous rating of 
8 amp. was chosen as it could furnish an increased 
charging rate after there had been a severe drain on 
the battery. This machine is driven by a direct- 
connected three-phase 220-volt induction motor; 
and the combined unit is controlled and protected by 
an automatic charging panel. 


Building 
In order to house the switchboard and control 
equipment, the one-story building shown in Fig. 14 
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was erected. This building is divided into three rooms, 
viz., Switchboard or operating room, battery room, 
and motor-generator room. The original plan was 
to provide space in this building for a transformer 
repair room, but due to the contour of the plot it 
was decided to construct a second building for this 
purpose, shown in Fig. 8. The transformer 
repair room has a tower over one section. From 
the roof of the tower is suspended a ten-ton hoist 
which may be used to lift the core from a trans- 
former tank, the tank being then moved to one side 
and the core lowered to the floor where it can be 
inspected or repairs made. The transformers are 
moved from their position in the substation to 


Fig. 14. The Control Building and a Portion of the 
Incoming 110-kv. Line 


the untanking house by a specially designed carriage 
which travels on steel rails. The transformers them- 
selves are provided with wheels that allow them 
to be moved in one direction. By means of these 
wheels a unit can be rolled upon the carriage, which 
carries a set of rails, and then can be moved in a 
direction at right angles to its individual move- 
ment. Therefore, by arranging tracks in two or 
more places at right angles to the carriage track, 
and at the required elevation (20 in.) above it, it is 
possible to move the transformers from place to place 
with very little effort. 

Each transformer and oil circuit breaker are 
equipped with oil-drain and filter-press connections; 
but no elaborate scheme of piping to a central filtra- 
tion plant was considered for this substation. 


Conclusion 

In designing this substation, every effort was made 
to minimize the effect of service interruption, 
and at the same time avoid complexities that might 
prove bewildering to the operators during an emer- 
gency. 

E. L. Phillips and Company designed and erected 
the station, and the General Electric Company fur- 
nished the material and equipment. 
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Carboloy—A New Tool Material 


By DR. SAMUEL L. HOYT 
Research Laboratory, General Electric Company 


HE great hardness of tung- 
sten carbide has been known 
for a long time and many 
attempts have been made to take 
advantage of it commercially. 
Tungsten carbide, however, as 
commonly manufactured, is too 
weak and porous for those indus- 
trial applications in which its 
high cost would permit it to 
compete with other hard mate- 
rials. This circumstance accounts 
for the efforts which have been 
made, both here and abroad, to 
eliminate or control the porosity 
and td increase the strength of 
tungsten carbide. Obviously, this 
strengthening must not be ob- 
tained at too great a sacrifice in hardness. 

German investigators have been particularly active 
in this field, as shown by the various patents covering 
tungsten carbide. One of their important develop- 
ments, a contribution from the incandescent lamp 
industry, is the tungsten carbide and cobalt combina- 
tion represented by the ‘‘Hartmetall’’ of the Osram 
Company. By means of cobalt, tungsten carbide is 
made about half as strong as high-speed steel, while 
still retaining sapphire scratching hardness. In the 
writer’s opinion, great credit is due the inventors of 
this carbide tool material. A super-hard carbide tool 
material of this type, which has somewhat unusual 
properties, has now been developed in the Research 
Laboratory. 

These carbide tool materials seem destined to play 
a dominant part in the industrial life of the future, 
and, on that account, the Research Laboratory 
has actively pursued the study of them for the past 
few years. This work was initiated, by the writer, in 
the Research Laboratory but it has since been greatly 
extended in the Company’s shops as a large scale 
investigation. Various forms of carbide tool materials 
have been studied and it is the experience thus gained 
which will be described here. The name Carboloy 
has been adopted as the trade name for materials 
of this type. 


Characteristics of Carboloy 

The density of Carboloy is about 14 grams per 
cubic centimeter and upward depending on the 
amount of cobalt used. This characterizes it as a 
heavy metal, almost of the tungsten class. It does not 
tarnish and, when ground, resembles steel in appear- 
ance. It resists chemical attack remarkably well 


The discovery, development and 
perfecting of a new material can 
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and is a pleasing and satisfactory 
material for use in the arts. 

The hardness of such materials 
can be specified in a number of 
ways. Sapphire is the mineral 
which comes next below the dia- 
mond in hardness. Carboloy is 
capable of producing a well de- 
fined scratch in the natural sap- 
phire. When it is borne in mind 
that the sapphire has an ‘‘absolute 
hardness” of 1150 kilograms per 
square millimeter, and that a 
mineral which is as hard as feld- 
spar has an ‘absolute hardness” 
of only 300, the hardness of Car- 
boloy receives new significance. 

A sample of Carboloy ground 
to an edge of about 90 deg. is capable of cutting a 
rather deep, narrow groove in an Alundum wheel 
without suffering much loss itself; whereas our ordi- 
nary tool materials are worn away by an Alundum 
wheel. This behavior on the Alundum wheel gives a 
very good idea of the hardness of the material: even 
the manner in which a sample scratches a plate of 
glass serves as acrude test. However a quantitative, 
or at least a numerical, expression of the hardness 
is much more illuminating, as is given by the more 
formal methods of testing hardness. 

Engineers will be more interested in the Brinell or 
Rockwell tests; and, in our work, we have used 
the Rockwell test almost exclusively to get the 
correct evaluation of the hardness. Obviously it is 
not possible to secure the Brinell number in the usual 
way. For the sake of obtaining quantitative values of 
the hardness of our samples, and for comparing differ- 
ent materials and treatments, we find the actual unit 
load supported by the sample during the Rockwell 
test. This gives a load in kilograms per square milli- 
meter, and it is so closely like the Brinell number in 
the higher ranges (within 100 to 200 points) that its 
designation as such seems justified. 

In the earlier tests we used the 150-kg. load with the 
diamond penetrator and recorded hardness numbers 
of around 70 on the “C” scale. This load caused the 
point of the diamond to wear and crumble in too 
short a time and we have since changed to the “no 
load” scale, which simply means that no weight is put 
on the lever arm. The hardness numbers are read on 
the ‘‘C’’ scale and have come to be known as the 
Rockwell “A” numbers. To get the unit load on the 
sample, it was necessary to measure the actual load 
for the ‘‘no load” loading. By making impressions in a 
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sample of hard steel with 150 and 100 kg. and with 
“no load” and then measuring the three impression 
diameters with an accurate comparator, this load 
was found to be 64 kg. for our machine by utilizing 
the principles of Meyer’s analysis. The load for our 
modified test, having been determined, it is then pos- 
sible to calculate the unit loads for different Rockwell 
“C” scale readings, or Rockwell “A” numbers. 

This can be done by the relationship given in Fig. 1. 
It is not likely that the designation of hardness num- 
bers secured in this way as Brinell numbers will be 
misleading; and their use brings out differences in 
hardness much better than the Rockwell numbers do. 
Certainly nobody accustomed to measuring penetra- 
tion hardness will be misled thereby. In practice we 
measure the ‘‘no load” Rockwell hardness on the “C” 
scale and use the numbers so obtained without 
converting them into Brinell numbers. The “A” 
readings obtained on one sample do not differ by 
much more than = 0.5, while the readings of different 
diamonds may differ from each other by a little more 
than this as an average maximum. 

We may now compare the penetration hardness of 
different materials on a rational basis. O’Neil has 
shown that the Brinell number of the hardest steel 
may be taken as about 1000, using a diamond ball 
point as the penetrator. Common hardened tool 
steel probably runs closer to 850 as a maximum. 
The Brinell number of the original German material 
runs from 1250 to 1400, so that it represents a con- 
siderable increase over the hardest steel, while the 
newer grade runs from 2000 to 2500. The Rockwell 
“A” numbers for these two materials run 85 to 87 for 
the former and 90.0 to 91.5 for the latter. An interest- 
ing check on the relative hardness is secured by com- 
paring the size of the two impressions made, even 
with the unaided eye. To those who might wish to 
know the ordinary Rockwell “C” number, the only 
information that can be given at present is that the 
original German material runs around 70, while 
the super-hard material has been found in a few trials 
to run 75 and above. The wear and tear on diamond 
points is too great for testing with the 150-kg. load, 
but, of course, the sensitivity is reduced by going to 
the “no load” reading. 

Inasmuch as the strengthening of tungsten carbide 
has been the feature which has given these materials 
promise of industrial use, this property has more 
than common interest. D’Arcambal has shown that 
quenched and tempered high-speed steel has amodulus 
of rupture in a transverse or cross-bending test of 
around 425,000 lb. per sq. in. Similar tests have 
been run on the new tungsten carbide tool materials 
at the Research Laboratory, using a section one- 
quarter of an inch square with supports one inch 
and a half apart. The German material is found to 
run around 225,000, and the super-hard material 
around 250,000 to 275,000 lb. per sq. in. We have not 
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found it feasible to get a figure for the pure carbide, 
(t.e., without the cobalt), to compare with these 
figures. It is not likely that a good figure could be 
obtained, but we may safely say that the pure carbide 
would come under 50,000. Our experience indicates 
that such a material would be very weak. 

These figures show that tungsten carbide has had 
its strength increased to somewhat over half that of 
high-speed steel. Viewed in one light, this is to be 
considered as a very substantial achievement, but this 
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Fig. 1. Relationship of Rockwell “A” Numbers to 
Brinell Hardness Numbers 
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strength must also be regarded as a factor which 
places a definite limitation on the use of tungsten 
carbide in commercial practice. 

Another important property of a material of this 
type may be called “toughness,” the ability of a 
material to stand up under stresses or impacts im- 
posed on relatively small areas. A weak, or fragile, 
material would chip and flake off, but a tough one 
would be able to stand stresses of this type without 
injury. The new carbide tool materials possess their 
share of toughness, since they withstand quite severe 
blows, or sufficient to indent a supporting block of 
copper. Inasmuch as the break comes abruptly when 
the bar does break, the material is brittle,in that sense. 
The fracture is of the curved type, while a weaker, or 
less “tough,” material would break straight across. 
A further demonstration of strength and toughness 
is afforded by the use of Carboloy on intermittent 
cuts on metals. 

The thermal expansion and thermal conductivity 
of Carboloy are low, but quantitative data will 
not be given at this time. 


CARBOLOY—A NEW TOOL MATERIAL 


The chemical stability of a new material is naturally 
of considerable interest. Carboloy is probably per- 
manently stable at room temperature and under nor- 
mal conditions, for we have observed no deterioration 
in several years. It does not pit or tarnish, and is 
dissolved in acids only with great difficulty. In many 
respects it may be expected to show somewhat similar 
properties and behavior to tungsten. At elevated 
temperatures the carbide oxidizes, as other tungsten 
products do when heated in an oxidizing atmosphere. 
On this account the various operations which are 
performed on Carboloy at high temperatures are 
carried out under non-oxidizing conditions. The 
moderate temperatures involved in cutting metals 
at the speeds which we generally use have not been 
observed to be harmful. If the speed is raised too high 
and the abrasion is severe, small particles of carbide 
may oxidize and shoot off the edge as sparks. Ordina- 
rily, the temperatures involved simply produce temper 
colors, much the same as they do on high-speed steel. 

Finally, we have to consider the way in which 
Carboloy retains its strength and hardness at elevated 
temperatures. No quantitative test data can be 
given at this time, but we know from the performance 
that Carboloy retains its hardness at a bright red 
heat to a most remarkable degree. Tools have been 
observed cutting nickel steel when the point is at this 
temperature and quite without ill effects. 

That such strength, hardness, toughness, and 
chemical stability just cited, plus the ability to take 
and keep a cutting edge, must characterize a material 
of most extraordinary possibilities, as compared to 
our present tool materials, is self evident to all who are 


Fig. 2. Cutting Glass on a Lathe with Carboloy—-Start of Cut 


conversant with this field. But we have found that the 
performance of Carboloy on the lathe and in the shop 
does actually exceed the predictions which one might 
make from a knowledge of these properties. This, in 
turn, is doubtless due to two circumstances which 
are highly favorable to Carboloy. Carboloy has no 
“temper” to be “drawn ” by the heat generated, and 
it is actually much harder than the materials 
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machined, even at elevated temperatures, while steel 
tools are frequently softer. To get a better under- 
standing of the performance of Carboloy tools, let 
us turn to a review of our experience in several 
exemplary fields. 

One's first experience with a material having such 
remarkable properties is apt to mislead him into 
believing that it is capable of almost anything; but 


Fig. 3. Wide and Deep Groove in Glass, Cut with Carboloy 


Carboloy, like other materials, has its breakdown 
point, first through deficiency in one property, and 
then in another. Early in the work it became of 
interest to determine this breakdown point as one 
means of estimating the economic value of the tools 
and, particularly, to compare it in this respect to 
the tool materials with which it would have to com- 
pete. In this way we have been led to try Carboloy 
tools on jobs which are not at all “commercial” and 
have secured some very valuable information. In this 
light it may not be amiss to review some of these 
experiences. 


Tests 


Glass proved to be quite easy to machine, or to cut 
with screw threads; and we soon found that hard 
porcelain insulators could be machined on a shaper. 
It is not often that one wishes to machine anything 
like hard porcelain; but since discovering that we 
could do so, we have found that these tools have been 
used for such work to a limited extent. Hadfield’s 
manganese steel has always belonged to the non- 
machinable class; but it was found to yield easily 
to Carboloy, so easily, in fact, that it would seem 
that the operation could be developed commercially. 
For a check on the Carboloy test, a similar test was 
run with a standard steel tool on the same material, 
and it was found that the steel tool lost its edge 
almost at once, as was to be expected. Since then we 
have found Carboloy tools to be of great assistance in 
handling many of these hard, tough, and non-machin- 
able steels. At the Research Laboratory we have 
occasion to prepare and test many different alloy 
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compositions, and frequently find that it is only 
with the new tools that such alloys can be shaped or 
surfaced. This experience suggests that steels with 
higher alloy contents than are now commercially 
machinable will some day be brought into the machin- 
able class. So far this work has consisted simply in 
doing jobs which could not ordinarily be done. 

At one time we attempted to machine a block of 
quenched high-speed steel on the shaper. This attempt 


Fig. 4. Cutting a High-speed Steel Cutter in a 
Lathe with Carboloy 


appeared to be the height of folly, but at least we 
satisfied our curiosity as to our ability to take a cut 
on such a hard, tough material; in that we were 
successful, but the tool performance was not at all 
satisfactory, for the edge crumbled. The same was 
found to be the case on several attempts to machine 
tool materials of the cobalt-chromium alloy type. 
If one were obliged to machine these alloys, he would 
be fortunate if he had tools of the tungsten carbide 
type at hand; but the grief involved, in tool breakage, 
would be uncommonly great for ordinary machine 
shop practice. 

A complete knowledge of the essential properties 
of Carboloy and a correct understanding of the 
requirements of a particular service would enable us 
to predict the behavior of Carboloy in that service. 
Of course our knowledge is not so complete, but we 
probably do know enough to enable us to select the 
most promising fields. Thus we should expect the 
peculiar virtues of Carboloy to be most prominent in 
the field of weak or low-tensile materials, which are 
also uncommonly abrasive to our present tools. 
Fortunately, for our experimental purposes, the 
electrical industry furnishes a goodly number of 
such materials which must be machined in daily 
production. Without attempting to observe any 
particular order, our experience with a number of 
these will be given. 

In the production of fused quartz, it has been found 
advantageous to use molds of carbon—the hard 
abrasive variety. A considerable amount of experi- 
menting had shown that even the best tool steel lost 
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its cutting edge and began cutting a taper soon after 
starting a cut on carbon. The grief involved in machin- 
ing a hollow cylinder of carbon may be easily imag- 
ined. On putting Carbo!oy tools on this job we found 
at once that we could take the entire cut without 
tool wear, and therefore without tapering. This 
statement means, of course, that the cut was parallel] 
within the tolerance allowed. 

Genelite is composed of copper, tin, and carbon. 
It is so soft, in one sense, that it can be whittled with 
a knife blade very easily, but it is also so abrasive 
that a lathe operation dulls a steel tool almost at once. 
A cut on a small cylinder of only a few inches in 
length is always on a taper. This again demonstrates 
the extreme abrasion which may be involved in the 
machining of carbon. Carboloy tools were found to- 
machine Genelite with no difficulty and accurate tests 
of the cuts made showed that they were not tapered. 
A careful inspection of the cutting edge confirmed 
this observation by showing that no wear had 
occurred. 

Commutators of electric motors are composed of 
alternate layers of copper and mica. The bearing sur- 
face of these has to be machined after assembly on 
the shaft. The mica is quite abrasive and has always 
presented a problem to the machine shop, for the 
operation is one which must be carried out very 
accurately. With high-speed steel a sacrifice must be 
made on this job, either in speed, or in the finish 
of the surface; whereas the Carboloy tools cut through 
the mica without undue wear and give a smooth 
finish to the commutator. 
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Fig. 5. Using the Carboloy Concrete Drill 


Mycalex is an insulating material of such excellent 
properties that there is considerable demand for itin 
the electrical industry, in spite of the extreme diff- 
culty with which it can be shaped or machined. It is 
composed of fine mica particles and lead borate, the 
latter acting as a bond for the mica. Ordinary tool 
materials are worn away at once on Mycalex, so 
quickly that it would be difficult to give quantitative 
data on their performance. The effect and noise 
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produced brings to one’s mind a picture of an attempt 
to machine a grinding wheel. Carboloy tools, on the 
other hand, are capable of machining Mycalex com- 
mercially, and we have observed tools cutting over 
1000 ft. linearly, before losing their edge. Other 
molded compounds come under the same category 
and need not be considered separately. 

Materials like Bakelite and hard rubber are very 
abrasive when machined at high speeds. One of our 
operators showed me that even though he had made 
his steel tool as hard as “fire and water could make 
it,” the cutting edge was rounded off very soon on 
hard rubber. Although the ease with which this 
machining was done made this result surprising, the 
evidence was very clear. Carboloy tools keep their 
cutting edge very well on hard rubber, and have 
been used with very satisfactory results. 

Bakelite offers somewhat similar problems and, on 
account of the necessity of machining Bakelite at 
high speed, diamond tools have been commonly 
used. This was the only tool material which had been 
found to stand up at the speeds used, but the diamonds 
possessed one disadvantage which was overcome by 
substituting Carboloy. If the part machined con- 
tained a metal insert, a special operation was required 
to recess this part below the cut of the diamond, for 
if the diamond hits the metal at high speed, it breaks 
off at once. Here the Carboloy tool necessitates no such 
special operation for it cuts both Bakelite and metal 
insert. 

On a somewhat similar operation we compared 
Carboloy tools with Stellite tools which had given 


Fig. 6. Tip of Carboloy Drill for Drilling Concrete 


the best performance on this operation up till then. 
Three tools were used on this job on two different 
heads, finishing three faces on the part. The Stellite 
‘tools required redressing every 150 parts machined, 
on the average, before the tools became dull enough 
to require sharpening. Carboloy tools were substituted 
under the same operating conditions, and finished 
11,000 parts before they became dull enough to be 
tedressed. 
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In the “‘low tensile” field the durability of Carboloy 
tools has been found to be of the order of 25 to 75 
times that of high-speed tools, or so great that the 
simplest kind of a test demonstrates the vast superi- 
ority of the carbide tool. Here the tool pressure is 
always light, the cuts are small, and the cutting 
speeds are high. Resistance to either wear or ‘“‘burn- 
ing” is the chief requirement of the tool. 


Fig. 7. Tip of Carboloy Drill, Showing Core of Concrete 


Coming to cast iron we find that the cutting condi- 
tions are apt to be radically different. The parts are 
frequently large, the cutting speeds are much lower, 
the cuts are heavier, and the tool pressures are 
greater. The heavier pressures are due in part to the 
higher unit pressures exerted by the iron, but more 
particularly to the larger cuts. In this way the tool 
pressure becomes a more prominent factor in tool 
performance, but our experience shows that cast iron 
comes well within the field which can be handled by 
Carboloy. 

The machining of cast iron by Carboloy offers a 
variety of problems so that it will be well to consider 
the subject from several different points of view. 

One of the most difficult jobs to do on cast iron with 
the usual tools is that of removing the surface layer, 
particularly if the surface contains sand. This is due 
to the fact that the chilled iron and sand are harder 
than the tool used to cut them. As has been pointed 
out, Carboloy is harder than sand and chilled iron, so 
that castings which would take the edge off high-speed 
steel almost at once can be handled with but little 
difficulty by Carboloy. In fact, we commonly use 
about the same speeds and feeds on these cuts that 
are used on the sub-surface cuts. Even cuts which 
travel in and out of the surface layer cause no partic- 
ular trouble, and such cuts are recognized as being 
the most abrasive on the tool. 

A somewhat similar problem is presented by “hard” 
castings. If a machine shop is accustomed to machin- 
ing castings of some particular grade, a run of castings 
which 1s appreciably harder is certain to increase the 
machining costs whether the increase be due to 
annealing, to a lower production rate, or to scrapped 
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castings and lost time. These castings may be, and 
quite likely are, of a better grade than the softer 
castings with which the shop is accustomed to deal. 
From that point of view it is unfortunate that they 
cannot be satisfactorily and economically handled. 
Carboloy tools machine these “hard” castings with 
ease, and it has been our experience that a run of 
such castings will go through the machine shop 


Fig. 8. Testing the Carboloy Cutter on a Nickel-steel Test Log, 
Showing Long Turning Coming from Log. The usual 
high-speed cutter is quickly dulled on this test 


without disturbing the practice in any way. Naturally, 
the life of the tool is diminished according to the 
increased abrasion of the harder iron, but the tool life 
of Carboloy on cast iron is normally so great that the 
decrease involved is not a serious matter. Further- 
more, it is not an uncommon occurrence that the use 
of Carboloy tools obviates the necessity of scrapping 
a large casting on which a considerable amount of 
work has already been done. The cost of the casting 
may be many times as much as that of the tools used. 
The improvement in shop practice and morale can be 
easily pictured by those who have this type of work 
under their supervision. 

In the manufacture of armature spiders for electric 
motors it is necessary to take a cut over the ribs to 
true up the spider. This cut is an intermittent one, 
and has given us an excellent opportunity to test the 
behavior of Carboloy tools under impact. The impact 
on the Carboloy tool is generally greater than on the 
high-speed tool on account of the higher speeds used 
with the former; but, in spite of this factor, we 
find that Carboloy tools stand up very satisfactorily 
under this service. 

Not much can be said at this time on the use of 
Carboloy as a finishing tool on cast iron for, obviously, 
this will require quite a special study. In tests, I 
have observed that a speed of 300 ft. per min. is 
sufficiently high to take the edge off high-speed steel 
and other tools almost at once. In fact, in one such 
test the cast iron acted more like a grinding wheel and 
wore off the tool as rapidly as it was fed into the 
work. The Carboloy tool used in a parallel test was 


GENERAL ELECTRIC REVIEW 


Vol. 31, No. 11 


ground to a rather keen edge and was able to take a 
light cut for over a foot in length along a block 
about six inches in diameter with no appreciable 
wear on the edge. This test suggested that cast iron 
is more abrasive at high speeds than steel is, but I 
am not sure this is correct. 

As the hardness of the cast iron decreases, or as the 
grain becomes more and more open, the abrasion on 
the tool becomes less and heavier cuts and higher 
speeds can be used. Abrasion resistance becomes less 
of a factor in tool performance, and the strength of 
the tool, particularly in the case of Carboloy, enters 
more prominently. In practice this is readily taken 
care of by being sure that a tool of sufficient size is 
used for the cut taken, for the unit pressure in machin- 
ing cast iron is not large. Quite naturally this type 
of iron is most commonly met with in large castings. 
Here the speeds whichcan be used are correspondingly 
small, because large masses of metal are not moved 
as rapidly as small masses, and the necessity of reduc- 
ing the time of machining requires the use of heavy 
cuts. Even this cursory discussion, which cannot 
possibly depict the situation fully, is probably suffi- 
cient to show that the advantage Carboloy possesses 
over high-speed steel is greatest for small castings, 
and hard iron, and that it decreases as the size of the 
castings increases and the hardness of the iron 
decreases. 

Our work on cast iron has shown clearly that 
Carboloy tools can machine harder and denser 
grades than can be economically handled by high- 
speed steel. It is logical to assume that the iron is 
made soft enough to avoid running up machining 
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Fig. 9. Comparison of High-speed Steel and Carboloy Cutters After 
Use on Nickel-steel Log. The steel cutter (lower) is burned; 
the Carboloy cutter (upper) has not been affected 


costs inordinately, and that the most important 
factor in the situation is the cutting efficiency of the 
tool material. It is also logical to assume that practice 
aims at producing iron which, on the average, is well 
below the grade which begins to give trouble. Such 
being the case, an economical advantage is bound to 
follow the introduction of a cutting tool whose cutting 
efficiency is well above that of our present tool 
materials. 


CARBOLOY—A NEW TOOL MATERIAL 


Coming to steel, we enter what is probably at once 
the most important and the most difficult field for 
Carboloy. The difficulties arise mainly from the high 
tool pressure involved. Even so, our early tests on 
annealed tool steel, mild and medium carbon steel, 
and wrought iron led us to expect that Carboloy 
would show equally as spectacular a performance 
here as in the work already mentioned. These expecta- 
tions have been adequately realized in tests such as 
the following. 

At one time we ran a series of tests on a nickel- 
steel test log, the Taylor speed of which was about 
54 ft. per min. under our standard conditions for 
testing high-speed steel. We soon found that if we 
were to get any adequate estimate of the life of 
Carboloy tools on this log, we should have to increase 
the speed to around 200 ft. per min. This threw us 
quite out of the range of speeds used with high-speed 
steel, and we decided to run the high-speed steel under 
the conditions set for the Carboloy tools. The cal- 
culated tool life came under 30 seconds, while the tool 
on test failed in 16 seconds, having had its edge burnt 
off almost at once. The Carboloy tool was then set 
up in the same way, and after running for one hour 
the test was arbitrarily stopped for the tool was still 
cutting and capable of cutting for a much longer 
period. The difficulties involved in determining the 
tool life of these Carboloy tools may well be imagined 
from the results of this test. In fact, they are so 
great that we do not commonly run the tools to fail- 
ure, but stop the test at some predetermined point 
and inspect the edge of the tool to see how it has worn. 
One of our test logs is a chromium-nickel steel with a 
Brinell hardness number of just over 250. With a 
cut of 34 in.and feed of rs in., we found that good high- 
speed tools fail at 35 ft. per min. in about 6 to 8 min- 
utes. We ran the Carboloy tools with the same 
cut and feed, but at 70 ft. per min., and stopped the 
test after 10 minutes. The tools showed but slight 
wear at that point. 

In this work on steel we have carried the thought 
in mind that the principal factor limiting the perform- 
ance of Carboloy tools is the strength of the material. 
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This is predicated on the use of the proper tool 
shape, cutting angles, size of tool, etc. To test out 
this viewpoint we ran a series of tests to determine 
the proper ratio between the chip cross-section and 
tool section. These tests showed that normal service 
may be expected if the chip area is in the order of 
1 per cent of the tool area. Expressed otherwise, we 
may expect good service from Carboloy on steel if a. 
sufficiently large tool be used for the job at hand, 
provided that the feed be not too great. This, in turn, 
will vary with the steel machined, so that definite 
recommendations could be given only for specific 
cases. 


Conclusion 

This account of Carboloy has shown that the use 
of tungsten carbide as a tool material has increased 
the cutting ability of the tool by a whole order of 
magnitude. This is the first time this has been done 
since the introduction of high-speed steel by Taylor 
and White. Granting this improvement in cutting 
ability, the extent of the use of Carboloy will depend 
largely on the cost of operating with Carboloy tools. 
and their output, as compared to that of high-speed 
steel. The ingredients of Carboloy and the process of 
making it are expensive so that we may safely say 
that Carboloy will cost more than high-speed steel; 
but we have found by an extended study of many 
fields that the improved performance of Carboloy 
tools more than offsets the greater cost of the 
material. In these cases our shops find that they can- 
not afford, now, to operate without the carbide tools. 
If the present limited experience with Carboloy does. 
not mislead, because of its very sensational properties. 
and behavior, further possibilities of development 
are both manifold and attractive. 

The research and development work on Carboloy 
has been carried out as a large scale investigation, in. 
which members of the staff of the Research Laboratory 
and of other departments of the General Electric 
Company have participated. It is due to this large 
scale, codperative effort, that we know so much about. 
the production and utilization of Carboloy. 


High-voltage Transmission in Canada 


The utilization of the highest transmission voltage 
in Canada has been started with the opening of the 
new Quebec section between Paugan Falls and Toronto, 
with operation at 220,000 volts. Twelve trans- 
formers for operation at 220,000 volts were supplied to 
the Gatineau Power Company by the Canadian 
General Electric Co., Ltd. Nine of these transformers 


are rated at 19,000 kv-a., 25 cycles, and step up the 
generator voltage from 6600 to 220,000 volts. The 
remaining three are rated at 20,000 kv-a., 25 cycles, 
and will be used to supply power to a 110,000-volt 
transmission system from the 220,000-volt line. The 
generating stations of the Gatineau Power Company 
are approximately 250 miles from Toronto. 
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New Portable Four-tube Kenotron Testing Set of the 
Edison Electric Illuminating Company of Boston 


The Consummation of Nine Years’ Experience in D-c. Testing of Cables—Features of Outfit— 
Portability—Testing Flexibility—Measuring Equipment—Protective Devices 


By C. L. KASSON 


and 
Superintendent of Standardizing and Testing Dept. 


R. W. CHADBOURN 
Head of Standardizing Division 


The Edison Electric Illuminating Company of Boston 


OR many years, when only alternating-voltage 
F sources were available, the problem of cable test- 

ing on a large system was a difficult one, owing 
to the bulky test apparatus necessary to take care 
of the high capacity of cables. For fifteen years a 
large portable a-c. testing set has been used on the 
system of the Edison Electric Illuminating Company 
of Boston for cable tests involving potentials below 


for transportation from station to station. Later, the 
outfit was mounted on a small trailer which could be 
easily attached to a truck and hauled from place to 
place as desired. 

At the time this set was put into operation, com- 
paratively little was understood about the d-c. 
testing of cables. Just what d-c. test voltage should 
replace a certain a-c. test voltage was not known—in 


Fig. 1. Side View of the New Four-tube Cable-testing Set, Mounted on a Special 
Four-ton Trailer and Opened up As for Test 


31,000 volts, and cable lengths of not more than seven 
miles. For higher voltage and longer cable lengths, 
various temporary testing sets have been installed in 
the substations. 

As the system expanded and operating voltages 
increased, the difficulties multiplied—particularly 
where the test apparatus had to be portable. Obviously 
on an extensive network, involving many substations, 
permanently installed test apparatus at many testing 
centers is not commercially feasible. With the 
advent of rectifying tubes, or kenotrons, the possi- 
bilities of portable testing equipment were tremen- 
ously expanded. Whereas, with the a-c. outfit, the 
size limitations were determined by current; with 
d-c. equipment, the limitations are largely set by 
voltage. 

Nine years ago (November 1919) the Edison 
Company made its first kenotron tests on installed 
cables, and for this work a General Electric one-tube 
50-kv. set was employed. This equipment was 
‘mounted on rollers and could be loaded onto a truck 


fact, is not accurately known today. Obviously, 
comparative d-c. and a-c. tests involved more than 
the mere ratio of peak to r.m.s. voltage, as the oscil- 
latory stress set up by the alternating voltage is not 
duplicated by the d-c. voltage; the latter, therefore, 
must be greater than the peak of the r.m.s. voltage 
in order to compensate, so far as is possible, for the 
lack of frequency stress. This additional increment of 
voltage, in view of our exceedingly limited knowledge 
of dielectric action, has had to be determined largely 
by experience. The first kenotron tests were therefore 
made at rather moderate voltages, and these voltages 
were later raised as experience seemed to justify. 
Some of the relations between the a-c. and d-c. 
testing of cables were described by one of the writers 
at the A.I.E.E. Regional Meeting at Pittsfield (Mass.) 
in May, 1927. 

About three years ago (May 1925) the Edison 
Company, desiring a larger set, put into operation a 

(1)“*High-voltage Measurements on Cables and Insulators,” by C. L. 


Kasson, Transactions of the A.I.E.E., May, 1927, p. 634. Abridgment 
A.1.E.E. Journal, Oct., 1927, Vol. 46, p. 1065. 


NEW PORTABLE FOUR-TUBE KENOTRON TESTING SET 


General Electric two-tube outfit, mounted in a special 
enclosed body on a one-ton Ford truck. Until recently, 
all the high-voltage d-c. tests on the Company’s 
transmission circuits were made with this outfit. 
During this period, 1336 tests were made—an average 
of one and one-third lines per day. The experience of 
these three years alone has proved beyond question 
the value of kenotron testing asa partial insurance 
against service interruption. : 

Most of these tests were made on circuits of 13,800 
volts or less. As circuits of higher voltage rating were 
installed, and test voltages gradually increased, as 
experience indicated advisable, a point was finally 
reached where the two-tube set proved inadequate. 
Accordingly, the Company has just put into operation 


Fig. 2. The T-connection of the Four Tubes and Main Transformer. 
Output rating: 200-kv., 0.25 amp. 


a portable four-tube outfit. This will be used for 
whatever tests cannot be handled by the smaller 
outfit, which, for purposes of convenience, has been 
reduced to a single-tube set. 

The new four-tube kenotron testing apparatus was 
designed and built by the General Electric Company. 
The various units of the set were installed upon a 
trailer in accordance with a plan and design of the 
Standardizing and Testing Department of the Edison 
Company. All additional auxiliary apparatus was 
designed and installed by the latter company in 
accord with its previous cable-testing experience. 

For this new outfit, a special trailer of four tons 
capacity was constructed. This trailer was provided 
with a totally enclosed body approximately 20 ft. 
long, 7 ft. wide, and 8 ft. high, having a cubical con- 
tent of about 1050 cu. ft.—about half the size of an 
ordinary house room. The floor of the forward part 
of the truck was raised about 18 in. to accommodate 
the front wheels. A small door was placed at one side 
of this raised section, large double doors at the rear, 
and sections of the sides of the truck were arranged 
to swing outward. Fig. 1 shows the truck opened up 
for test. This trailer, despite its size, is easily drawn 
by a five-ton truck. It is equipped with a special 
brake mechanism which operates automatically 
when the brakes of the driving truck are applied. 

Most of the electrical equipment, including step-up 
transformer, filament transformers, protective gaps 
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and resistors, control panel, and voltage regulator, 
was purchased to order from the General Electric 
Company and assembled, mounted, and wired at the 
laboratory of the Edison Company. The apparatus, 
as purchased, was intended to be operated from a 
230-volt 60-cycle source. However, as 230 volts 
might not be always available, a 25-kv-a. 2300/230- 
volt transformer was also installed, so that tests 
can also be made direct from a 4000/2300-volt dis- 
tributing circuit. 

The set is arranged to be operated from the rear of 
the truck, the control board being placed just inside 
the large double doors. A wide tail-board drops down 
and serves as a platform for the operator during the 
tests. Through flexible leads, on reels with handles 
for winding and unwinding, power is brought from 
either a 230-volt or a 2300-volt source to one of two 
pairs of studs on a small wooden panel underneath 
the switchboard. A swinging wooden box-like cover 
which normally hangs in a closed position, but which 
may be lifted up readily for the attachment of the 
leads, protects the operator from live parts. The 
2300-volt studs supply the 25-kv-a. step-down trans- 
former directly through an automatic circuit breaker. 
Through a double-throw switch, power may be taken 
directly from the 230-volt studs or from the secondary 
of this 25-kv-a. transformer to energize the main 
step-up transformer, the voltage being controlled by 
an induction regulator. The main transformer is 
rated at 25 kv-a., 88,000-volts, with both terminals 
insulated, and special provision is made for grounding 
the mid-point through a ground rod. The circuit to 
this transformer is provided with an automatic breaker 
the function of which is to protect the tubes and 
transformer on short-circuit or heavy overload with- 
out at the same time opening the auxiliary circuits, 
such as that to the tube filaments, etc. The auxiliary 
circuits are tapped off the 230-volt supply, through a 
fused switch, just outside the automatic breaker in 
the transformer circuit. Each filament transformer 
circuit has its own switch, its rheostat for voltage 
regulation, and voltmeter for indicating filament 
voltage. The filament voltmeters are of the small-size 
switchboard type, and have been provided with 
cushions of sponge rubber to reduce the effect of road 
shocks. 

The layout provides for three schemes of tube 
connections as follows: 

T-Connection. In this arrangement, Fig. 2, one side 
of the transformer is grounded; at the other terminal 
is a divided circuit, one part containing two tubes in 
series and connected so as to allow current of one 
polarity to flow, the other part containing the other 
two tubes connected in the reverse direction so that 
only current of the opposite polarity can flow through 
them. By connecting these two branch circuits to two 
conductors of a cable and grounding the sheath, 
twice the transformer peak voltage is impressed upon 
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the insulation between the conductors, and half as 
much between either conductor and ground. 

Bridge Connection. This connection, Fig. 3, 
receives its name from the arrangement of the tubes, 
which are connected like the four arms of a Wheat- 
stone bridge, the transformer being connected between 
opposite points, the other two opposing points serving 
as terminals to the apparatus under test. The arrange- 
ment allows a test voltage equal to twice the voltage 
of a single tube and a current flow equal to twice 
that permissible for a single tube. In effect, it is a 
series-multiple arrangement. 

Parallel Connection. In this scheme, Fig, 4, the 
transformer mid-point is grounded and forms one 
side of the test circuit. Each live terminal is con- 
nected through the tubes in multiple to a single 
terminal post, the pairs on opposite terminals being of 
course oppositely connected. This is in effect a parallel 


Fig. 3. Bridge Connection. Rating: 100 kv., 0.5 amp. 


arrangement, permitting four times the current of one 
tube, but only the voltage permissible for one tube. 

The change from one scheme of connections to 
another is made very simple and quickly. Connections 
among tubes, on the high-tension end, are made by a 
system of sliding concentric tubes, with hooks at each 
end. The necessary changes in the metering circuits 
are made by a simple three-position drum switch on 
the switchboard. 

To measure the test voltage and current, portable 
d’Arsonval type instruments are used. For use, these 
are placed on a bench in front of the switchboard, and 
connected to suitable studs on the boards. When 
not in use, they are stored in individual compart- 
ments in a small cabinet. The compartments are 
lined with heavy felt to absorb the road shocks. 
Instruments of the portable rather than the switch- 
board type were chosen because of the better pro- 
tection which could be given them from vibration 
during transit. 

The voltage is measured by means of the rectified 
current from a voltmeter coil in the main step-up 
transformer. Two small rectifying tubes, oppositely 
connected, each with its own voltmeter, are used for 
measuring the opposite sides of the wave. This is 
necessary for the T-connection. For the other con- 
nections, one instrument sufficies. 

For measurements of current, two three-scale 
milliammeters are provided. One of these is arranged 
for 1, 10, and 300 milliamperes full scale, the other for 
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300, 600 and 1200. For the bridge and parallel 
combinations, one of these meters is connected directly, 
by means of the drum switch, into the ground end of 
the test circuit. By means of a four-pole double-throw 
switch, the milliammeters are made interchangeable 
without the necessity of changing leads. Thus currents 
can readily be measured from a few microamperes up 
to 1200 milliamperes. In the T-combination, where 
current connections must be made in the main trans- 
former circuit between one end of the transformer 
and ground, a current flow in both directions is 
encountered, since one-half of the wave forces current 
through one of the kenetron circuits and the other 
half through the other kenotron circuits, the two 
currents being of such direction as to produce additive 


Fig. 4. Parallel Connection. Rating: 50 kv., 1.0 amp. 


potentials in the kenotron circuits, but being of 
opposite directions in the transformer. The currents 
in the two kenotron circuits are easily measured by 
the simple expedient of introducing into the trans- 
former circuit two tungar rectifiers connected in 
multiple but with plate circuits reversed. One tungar 
supplies one of the milliammetres and measures the 
current on the positive side of the test circuit; the 
other supplies the other instrument and measures only 
the current in the reverse direction—which is that 
flowing in the negative side of the circuit. 

Fig. 5 shows the control board with the portable 
instruments connected in the circuit, together with the 
oil circuit breakers, connection box, etc. 

The kenotron assemblies are shown in Fig. 6. Each 
filament transformer has, mounted on top of the 
insulating bushing, a special assembly consisting of a 
two-arm bracket, with the rectifying tube mounted 
in a socket on one arm of the bracket, and a protective 
gap for the tube mounted vertically on the other arm. 
At the center is a long insulating tube, with two sets 
of resistors mounted on top. One set of resistors is in 
series with the gap, the other with the tube, the latter 
set serving to limit the current taken from that partic- 
ular tube. Two of the four tube assemblies have 
condensers mounted within the central insulating 
tube; these are used to balance the voltage between 
tubes where tubes are used in series. 

The main transformer is also protected by a gap, 
mounted on the roof of the truck, just above the 
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transformer. In series with each live test connection 
is a resistor to limit the initial rush of current into 
the cables. These resistors are mounted on top of 
insulating posts at one side of the truck. One of 
these is shown in the right foreground in Fig. 6. On 
the side of each of these posts is a discharge resistance, 
connecting with an automatic discharge switch at the 
bottom, the other end of which is grounded. The 
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Fig. 5. Control Board at the Rear of the Trailer 


discharge switches are actuated by solenoids, fed 
from the 230-volt auxiliary supply, through a pallet 
switch on the circuit breaker on the main transformer 
supply. When the circuit breaker is closed to energize 
the transformer, the solenoids come into operation 
and hold the discharge switches open. As soon as the 
breaker is opened, the solenoid circuit is broken, and 
the discharge switches spring back into a closed 
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position, thereby automatically providing a discharge 
path for the cable under test. 

For limiting the rush of current at the time of cable 
failure, a reactor is connected in series with the main 
transformer primary. This can be cut out of circuit, 
if desired, by means of a short-circuiting switch on the 
switchboard. The large kenotron tubes, when not in 
use, are supported between canvas straps in a speeial 


Fig. 6. Interior of the Trailer Showing the High-tension Assembly 


box, which -protects them from damage by road 
shocks. Small tubes, such as voltmeter kenotrons and 
ammeter tungars, are carried in small felt-lined 
compartments in a separate box. 

In conclusion, the results obtained have fully 
warranted the great effort that was expended to 
make the entire outfit as flexible, as safe, and as 
easily handled as possible. 


Revolving Car Dumpers in Operation 
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Direct-current Generators of Very High Voltage 


Ratings from 5 to 150 Kw. and 7500 to 15,000 Volts—Employ Fully-distributed Compensating 
and Exciting Windings—Efficiency High—Remarkable Freedom from Voltage 
Ripple—Design Features 


By S. R. BERGMAN 
Consulting Engineer, General Electric Company 


OR radio telegraphy and 
telephony there is a demand 


for direct-current energy of 
relatively high voltage to furnish 
the plate voltage for vacuum 
tubes. In this article will be de- 
scribed a novel type of high- 
voltage direct-current generator 
which has been developed for 
this purpose during the last few 
years. 

A number of such direct-cur- 
rent generators have been built 
in ratings varying from 5 to 150 
kw., and ranging in voltage from 
7500 to 15,000 volts. Examples of 
such ratings are: 5 kw. 10,000 
volts 1450 r.p.m.; 10 kw. 7500 . 
volts 1150 r.p.m.; 30 kw. 12,000 volts 1150 r.p.m.; 
150 kw. 15,000 volts 850 r.p.m. Two of these gen- 
erators are installed at the Radio Research Labora- 
tory at South Schenectady (N. Y.), the ratings being 
30 kw. 12,000 volts and 150 kw. 15,000 volts. These 
machines are used regularly to supply energy for 
broadcasting WGY programs. 

The principleof this typeof generatoris novel inchar- 
acter. In appearance, the machine resembles more an 
induction motor than a direct-current generator. 
From an inspection of some of the photographs in this 
article, the similarity may be readily recognized, the 
field consisting of a slotted sheet-steel structure and 
the winding of a plurality of coils assembled into a lap 
winding. These features are radical departures from 
the conventional type of direct-current machines 
with salient poles carrying concentrated field coils. 
This new type of machine has certain characteristics 
that are superior to those of the standard type, for 
which reason it has been adopted to meet this severe 
service. 

The principle of the machine may be explained as 
follows: 

In Fig. 1 is shown schematically a direct-current 
armature A which may be wound with any of the usual 
types of windings. Surrounding this armature is a 
field structure carrying a compensating winding which 
is in series with the armature winding and distributed 
evenly around the armature in such a manner as to 
oppose the reaction of the armature at each point. This 
compensating effect of winding C is made equally as 


The machines described in this 
article were developed for service 
an radio transmission, and the 
author frankly acknowledges that 
at present he does not know of any 
commercial applications for them 
outside of this field. The machines 
represent a noteworthy extension 
an electrical development, how- 
ever, and who can say with confi- 
dence that they will be of service 
only in radio? For instance, un- 
expected uses have been found 
for the electric arc, the x-ray 
tube, etc_—EDITOR 


strong as the armature reaction. 
and thus these two windings con- 
stitute a nearly non-inductive 
pair; 1.e.,no flux except a small 
amount of leakage flux will be 
produced. In order to provide for 
excitation, there is a second wind- 
ing, the exciting winding E. The 
compensating and the exciting 
windings are located in quadra- 
ture in space, and these two wind- 
ings are comparable with a two- 
phase winding as usually applied 
in polyphase machines. It is ob- 
vious that the shorter the coil 
pitch, the better utilized is the 
material. As shown in Fig. 2, the 
exciting winding and the com- 
pensating winding form a lap winding of 50 per cent 
pitch. It will be noted that in each slot there are two 
coils, one exciting coil and one compensating coil. 

The strength of the compensating winding is made. 
as nearly as possible, equal to the armature reaction 
and the over-compensation is provided by a separate 
winding Cı as shown in Figs. 2 and 3. The commu- 
tating teeth are bolted to the frame and can thus be 
easily removed, together with the commutating wind- 
ing, without in any way disturbing the distributed 
windings. The commutating flux in this machine may 
be changed, either by the use of shims behind the 
commutating teeth, or by a change of turns in the 
commutating winding. After the over-compensation 
has once been determined for a certain rating, it never 
need be changed. 

As is shown in Fig. 2, the field structure consists 
of punchings with open slots. These slots are closed 
by magnetic wedges which are made up of soft-iron 
wire that has been cotton-covered and then woven 
into a cloth. This cloth is dipped in a phenolic-resin 
solution and then shaped and cured in a steel mould. 
These wedges are found to be very effective; for ex- 
ample, by removing them the core-loss is doubled 
and the excitation increased by approximately one- 
third. The wedges also reduce the noise considerably 

The structure shown in Fig. 2 seems to be an en- 
tirely practical solution of the high-voltage problem. 
The coils are easily assembled; and the over-com- 
pensation can be readily changed, thus providing a 
flexible combination. 
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The characteristics of this type of machine depend 
mainly upon the fact that the armature reaction is 
completely neutralized by the compensating winding; 
there is no distortion of the field flux as is the case 
with non-compensated machines. This important 
consideration leads to the following advantages: 

First: There are no extra load losses due to field 
distortion which, in non-compensated machines, may 
reach considerable amounts. Therefore, the efficiency 
of the compensated machine is greater than that of the 
conventional type. Actual: tests show that the full- 
load efficiency of the generator rated 30 kw. 12,000 
volts is 92 per cent, and the efficiency of the 150-kw. 
15,000-volt generator is 94 per cent, thusdemonstrating 
the high efficiency claimed for this type of machine. 
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Fig. 1. Schematic Diagram of the Conductor Arrangement in the 
High-voltage Machine 


A: Armature winding - C; Compensating winding 
E: Exciting winding 

The crosses indicate current going down into the plane of the paper. 

The dots indicate current coming up from the plane of the paper. 


Second: Due to the fact that the field flux is not 
distorted, the field in a compensated machine may be 
weakened without any penalty. Thus, any com- 
pensated generator may be adjusted over a wide range 
of voltages without instability. 

Third: All of these machines run without sparking, 
even at very heavy overloads. Many of them have 
carried three times normal load with black commuta- 
tion. Whenapplied to vacuum tubes a generator may 
be momentarily short-circuited, because of failures 
in the tube circuits. One important requirement 
for generators in this service is that they withstand 
short-circuits without injury. Tests have shown that 
this type of generator will withstand short-circuit, 
not only momentarily but for a sustained time with- 
out flashing. Repeated short-circuits on the generator 
have proved that no injury 1s caused by these severe 
conditions, which is rather remarkable considering 
the extremely high voltage of operation. 
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Fourth: The fact that there is no field distortion 
leads to a stable commutating zone. There is no un- 
due distortion in the commutating zone, which means 
that there is at all times the proper field for commu- 
tation. This is not the case in non-compensated ma- 
chines since the field distortion piles up the voltage 
on the commutator in the neighborhood of the 
brushes, which condition leads to sparking and flash- 
ing. Thus, with the compensated design, machines 
have been built with higher voltage between bars than 


Fig. 2. Diagram of Two-pole Field Winding 


The full line represents the compensating and commutating winding. 
The dotted line represents the exciting winding. 


gor 


Fig. 3. Connection Diagram of the Separately-excited 
High-voltage Generator 
A: Armature | en C: Compensating winding 
Cı: Commutating winding E: Exciting winding 
X: Exciter 


heretofore. In salient-pole machines, it has been 
found that 25 to 30 volts per bar is the limit. On the 
other hand, compensated machines with fully dis- 
tributed windings have been run successfully with 
the difference of potential between bars as high as 
100 volts. In the largest machines, vrz., the 150-kw. 
15,000-volt generator, the average voltage between 
bars 1s 60, or about twice as much as would be con- 
sidered good practice in salient-pole machines. 

So far, the advantages of only the fully-distributed 
compensating winding have been outlined. The 
fully-distributed exciting winding offers additional 
advantages. The distribution of the exciting winding 
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improves the flux distribution, as shown in Fig. 4. 
Usually, due to saturation, this curve is somewhat 
flatter than a sine wave. The sides of the curve slope 
gradually and the neutral between the poles 1s abso- 
lutely devoid of flux. As may be seen from the illus- 
tration, the main flux is zero over the whole neutral 
zone, which is an important condition that does not 
exist in salient-pole machines. In the latter type of 


No Load 


Full Load 


Commutating Field 


Fig. 4. Flux Distribution Across a Pair of Poles as Produced by the 
Fully-distributed Exciting Winding 


machine, the massed field-coils set up stray fluxes 
and fringings which cannot be governed, and the 
neutrals of such machines are usually narrow. 

A second advantage of distributed windings lies 
in the uniformity of the heating. In machines of the 
salient-pole type, the field coils are often several 
inches in thickness, and the heating inside the coil is 
far in excess of that observed by the thermometer on 
the service. In compensated machines, with fully 
distributed windings, the temperatures are more uni- 
form, similar to those in alternating-current machines. 


Fig. 5. Double-winding Two-commutator Armature of the 150-kw. 
15,000-volt Direct-current Generator 


For generators applied to radio service, the voltage 
drop from no load to full load, known as the voltage 
regulation, must be good in order to secure clear 
signals. The voltage regulation of this new type of 
generator is very low, not exceeding 2.5 per cent when 
run at constant speed. Since these generators are 
usually driven by a motor, the drop in speed of the 
motor, when loaded, must be taken into account and 
this drop will naturally lower the voltage of the gen- 
erator somewhat more. Actual tests have shown that 
the regulation of a motor-driven generator will not 
exceed 5 per cent. 
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Another requirement for radio service is that the 
generator supply a current of steady value. It is well 
known that any direct-current generator does not 
produce a current of absolutely steady value. In its 
output there exists a ripple which, in machines of 
standard construction, may amount to 5 per cent. 
The cause of this ripple is often laid to the fact that 
a direct-current machine has a commutator, and may 
be considered as a rectifier consisting of a large num- 
ber of coils. For each pair of commutator segments 
there is therefore a small wave. Thus the commutator 
produces a ripple in the current wave, but this ripple 


Fig. 6. Field Structure of the Machine of which the Armature 
is Shown in Fig. 5 
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Fig. 7. Section and End Elevation of High-voltage 
Commutator 


is extremely small and calculations for the machine 
that are being described show that it amounts to less 
than ,, of one per cent. This contribution to the 
pulsation in the current wave is therefore so small 
that it may be overlooked as compared with another 
influence which is caused by the slotted construction 
of the armature. Owing to the fact that the armature 
is slotted, there is a pulsation of reluctance when the 
armature revolves, thereby causing pulsation in the 
main flux which, in turn, causes pulsation in the in- 
duced voltage. This is the principal reason for the 
ripple in the current wave. For radio applications it 
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is desirable that this ripple be eliminated. In order to 
minimize it, use is made of a squirrel-cage consisting 
of copper strips placed in the bottom of the field- 
slots, as shown in Fig. 2 and marked S. This squirrel- 
cage embraces each pole without short-circuiting the 
commutating flux. When the main flux pulsates, due 
to the revolution of the armature slots as described, 
currents are induced in the squirrel-cage which tend 


Fig. 8. Side and End Elevations of the 150-kw. 


to stop the pulsations of this flux; and oscillograms 
taken of the current wave show that the pulsations 
may be kept as low as one-quarter of one per cent. 
This small ripple is further reduced by capacitors 


Fig. 9. Motor-generator Set, Consisting of a 150-kw. 15,000-volt 
Direct-current Generator (right) Coupled to a Three- 
phase Induction Motor (left) 


shunted across the terminals of the generator; the 
result being that the pulsations do not exceed 1/100 
of one per cent, which has proved to be entirely satis- 
factory for radio applications. 

In order to handle potentials above 10,000 volts, 
it was found advantageous to use two armature 
windings, each connected to a separate commutator. 
Since these two windings are connected in series, 
each commutator carries half the rated voltage. The 
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armature for a machine rated 150 kw. 15,000 volts is 
shown in Fig. 5. 

The field structure of the same generator is illus- 
trated in Fig. 6, where the arrangement of the com- 
pletely distributed windings is clearly shown. 

A problem that proved difficult was the design of 
the commutator for these high voltages. In Fig. 7 is 
shown a section of one of the commutators. The 


15,000-volt 850-r.p.m. Direct-current Generator 


principle of its design is similar to the standards used 
for lower voltages, except that the cones which hold 
the segments together are made from textolite instead 
of cast iron. It will be noticed that there is a mica 
cone between the textolite cones and the segments. 

A sectionalized view of the generator is shown in 
Fig. 8. Owing to the high voltage involved, separate 
excitation is employed. For service where no direct 
current is available, a small exciter is assembled on 
an extension of the generator shaft. In Fig. 9 is shown 
the complete motor-generator set, the driving motor 
in this case being a three-phase induction motor. 

In industrial applications, particularly traction 
work, high-voltage direct current has been more or 
less commonly employed up to 1500 volts per single 
motor. High-voltage direct current has also been tried 
abroad by Thury for power transmission. The Thury 
system consists of a large number of direct-current 
generators connected in series, each generator how- 
ever not being rated higher than 4000 volts. The 
author is not aware of any instances where direct- 
current power transmission has been attempted in 
this country, although it has been under considera- 
tion in cases where a big block of power is to be 
transmitted over a very long distance. Due to recent 
improvements in alternating-current power trans- 
mission, it does not seem likely that high-voltage 
direct current will be competitive with the highly- 
developed alternating-current system. These high- 
voltage direct-current machines therefore seem to be 
limited at present to radio applications. 
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Low-voltage A-c. Networks 


PART VII 
NETWORK RELAY CHARACTERISTICS 


By D. K. BLAKE 
Central Station Engineering Department, General Electric Company 


of this serial as having a relay equipment that 

performed the two functions of tripping on re- 
versals of energy and reclosing when the incoming 
circuit is energized. The required characteristics for 
such functions are influenced by the transformer con- 
nections, transformer impedance, primary voltages 
and induction feeder regulator equipment. The 
prevailing practice is to utilize Y-connected trans- 


To network protector was mentioned in Part VI 
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Fig. 34. Vector Diagram of Tripping Characteristics 
for Network Relays 


former secondaries; therefore, this treatment will be 
confined to that connection. The principles involved, 
however, may be readily applied to other connections. 


Tripping Function 

The relay must trip the breaker on short-circuit 
currents in the reverse direction. It must also trip 
on the transformer exciting current in the reverse 
direction in order to permit the disconnecting of a 
feeder and its transformers from the network by 
opening the feeder breaker at the substation. The 
characteristic of the relay must be such that 
the addition of cable-charging current to the exciting 
current will not prevent tripping in the reverse 
direction. 

The vector diagram in Fig. 34 indicates a suitable 
characteristic for the tripping function. The short- 
circuit current will probably lag at a maximum angle 
when a short circuit occurs at the high-voltage ter- 
minals of the transformer. This angle is 84.3 deg. 
with a transformer having a one per cent resistance 
and ten per cent reactance drop. If the parallel lines 
TT are perpendicular, or slant in the leading direction 
as shown, it is obvious that if the relay will operate 
on the transformer exciting current it will also 
operate on any amount of charging current which 
may be added. The watthour meter has a similar 


characteristic. The saturation of the current-trans- 
former iron causes the lines TT to bend to the right 
at the top or to the left at the bottom. 

On polyphase systems, it is desirable to use poly- 
phase relays to prevent tripping on single-phase 
line-to-line faults which may occur on the network. 
The vector diagram in Fig. 35 shows this condition 
for a three-phase four-wire system. The short-circuit 
current in phase c will go on the tripping side when 


Trip Side 
Relay Tripping 
+ Characteristics + Isc 


Fig. 35. Diagram of Tripping Characteristics for a 
Three-phase Four-wire System 


the current lags more than 60 deg. The same effect is 
obtained on feeder No. 1 when a high-voltage phase- 
to-phase fault occurs on feeder No. 2 of Fig. 36 
The polyphase relay will not trip because the a and 
b elements exert a greater and opposite torque. 

The tripping function then requires no new, untried 
device, since it is possible to utilize watthour-meter 
parts and construction to form a simple induction- 
type reverse-power relay. The connection shown in 
Fig. 37 is suitable, being similar to the connection for 
measuring power. The current transformer and cur- 
rent coil of the relay are designed together to operate 
over the entire range of reverse current. This range 
may be from 1.5 to 15,000 amp. The current trans- 
former has a relatively small number of turns to give 
sufficient secondary current for relay operation on 
exciting current and a small amount of iron to limit, 
by saturation, the secondary current to a safe value 
for the relay-current coil. The time-current charac- 
teristics should be such as to require, under short- 
circuit conditions, not longer than 14% sec. for opera- 
tion. A much shorter time, such as ]4 sec. is preferable 


Reclosing Function 

The network breaker should reclose only when the 
incoming transformer voltage is of the proper value 
and phase relation to cause the transformer to take 
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its share of the network load. This requirement does 
not permit connecting the closing circuit directly to 
the transformer secondary, because after opening the 
circuit breaker at the substation it would be possible 
for some network breakers of the particular feeder to 
open and reclose again before all the breakers opened. 
The result would probably be a “‘seesaw”’ operation of 
opening and closing. Induction regulators may also 
cause low voltage on a feeder by being in the buck 
position when the feeder is energized. Other factors 
that may cause improper voltage relations will 
be considered later. It is obvious, therefore, in view of 
these possibilities that the relay should measure the 
voltage across the open breaker contacts and com- 
plete the closing circuit only when the voltage 
-difference is of a certain value in the proper direction. 

The voltage difference may be measured by a 
separate relay, by an extra winding on the reverse- 
power relay, or by the current coil of the reverse- 
power relay. This article will treat of the latter 
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Fig. 36. Typical Low-voltage A-c. Network 
Utilizing Automatic A-c. Network Cir- 
cuit Breakers. (Fig. 33 repeated) 


arrangement (Fig. 38) and the use of a separate 
phasing relay where the connection shown in Fig. 38 
would not be suitable. 

The circuit of Fig. 38 is similar to that of Fig. 37, 
with the addition of an extra relay contact for the 
closing circuit and the connection of the current coil 
across the circuit-breaker contacts. When the circuit 
breaker is closed, the relay acts as an ordinary reverse- 
power relay; and when the circuit breaker is open, the 
telay acts as a voltage-direction relay. The tungsten 
lamp has an approximate resistance of 70 ohms when 
cold and 700 ohms when hot. It therefore prevents 
short-circuiting the relay coil when the breaker is 
closed and protects the relay coil when the voltage 
across the open breaker is high, e.g., 115 to 230 volts. 

The current through the relay coil does not in- 
crease directly with the voltage, because the resistance 
of the lamp increases with the voltage also. The high 
value of the lamp resistance limits the total possible 
current through the relay coil to a value appreciably 
below the value of the secondary current correspond- 
ing to the transformer exciting current. It is ob- 
vious, therefore, that the time required for operation 
is appreciably longer. The impedance of the current 
transformer at current values passed through the 
lamp is much greater than the impedance of the relay 


Fig. 37. Relay Connection Diagram 
for the Tripping Function 
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coil. Thus its connection in parallel does not interfere 
with the relay operation. 

The potential coil is connected on the network side 
to keep the relay energized when the transformer is 
deénergized. This arrangement permits a strong 
torque in the tripping direction with the breaker open, 
insuring against the breaker’s reclosing as soon as the 
transformer is energized. The relay must close the 
closing circuit by a spring when the network, and 
consequently the potential coil of the relay, are 
deénergized. It is also desirable, but not necessary, to 
have the relay protect against reclosing when phases 
are crossed or reversed by workmen during installa- 
tion or repair work. Obviously, such protection 
would not be obtained if the potential coil is on 
the transformer side, because it is reversed with 
the transformer voltage. k 
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The current coil of the relay has an impedance of 
less than three ohms. The resistance of the tungsten 
lamp cold or hot determines that the current through 
the relay coil be practically in phase with the voltage 
across the breaker, enabling the relay to operate 
according to the direction of this voltage as it does 
according to the direction of the line current. The 
lines RR are similar to the lines TT in Fig. 34, and 
therefore may be drawn through the end of vector V, 
as indicated in Fig. 39. The direction and magnitude 
of the voltage across the switch is represented by a 
vector drawn from V,, as its origin, to V, as its 
terminus. Therefore, V, must go beyond RR in order 
to reclose the breaker. This characteristic obviously 
protects against reclosing on cross or reverse phases 
since the voltages would lead or lag the network 
voltage 120 deg. or 180 deg. 


Reclosing Where No Feeder Regulators Are Used 

Where no feeder regulators are used, the difference 
in voltage that usually exists across the network 
breaker is that caused by the impedance drop from 
the substation to the network. The direction of this 
voltage depends on the impedance angle and the 
power-factor. At unity power-factor it leads the 
network voltage at an angle equal to the impedance 
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angle. For power-factor less than unity, this imped- 
ance voltage lags its unity power-factor position by 
the same angle that the current lags the network 
voltage. Therefore, for lagging power-factors, it is 
always on the right-hand side of the lines RR of 
Fig. 39. This impedance voltage will always cause the 
incoming transformer to carry its share of the load. 

It is necessary to design the relay with a reclosing 
characteristic so that it will be certain to close in on 
the impedance voltage which does not exceed the 


T vron R Vr on 
this side || this side 
Open Reclose 


\ 


Fig. 39. Vector Diagram for Both Tripping and 
Reclosing Function 


impedance voltage corresponding to full-load current. 
It is desirable to have the breaker reclose at an 
impedance voltage corresponding to a value con- 
siderably below full-load current. Otherwise it would 
not be possible to switch in a new transformer or 
circuit at times other than full load. 

The total impedance voltage across the breaker is 
the resultant of the primary feeder, transformer, and 
secondary main impedance voltages. It is advisable to 
use only the transformer impedance voltage in the 
relay design because it 1s possible for one breaker to 
reclose ahead of another, leaving only the transformer 
impedance voltage for the remaining breaker in cases 
where two or more transformers are located at the 
same point or close together. In Fig. 40 is shown the 
impedance voltage of transformers radiating from the 
end of V,. The long vector corresponds to full-load 
impedance voltage of a high-reactance (10 per cent) 
transformer, and the short vector a low-reactance 
transformer. The resistance component of each 
vector is the same. Two positions are indicted for 
each vector, corresponding to unity power-factor 
and 95 per cent power-factor. 

If the relay is designed for conditions making the 
line RR perpendicular and adjusted to close on a 
component of one volt in phase with the network 
voltage, it is obvious that approximately full-load 
current at unity power-factor is required on the adja- 
cent transformer, of either high or low reactance, to 
give this one volt. If the power-factor lags to 0.95, 
the conditions are considerably improved, the high- 
reactance transformer closing in on 20 per cent load 
and the low reactance on 37 per cent load. If the relay 
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is adjusted for 14 volt instead of one volt, these 
values are reduced to 14 for either the unity or 0.95 
power-factor position. Now suppose the line RR is 
advanced about three degrees to the position R’ R’. 
Then the unity power-factor condition is considerably 
improved, being reduced from 100 per cent load to 
60 per cent for the high-reactance transformer, and 
to 80 per cent for the low-reactance transformer. 
The low power-factor condition is not changed very 
much. Notice that the high-reactance transformer is 
much better for this operation than the low-reactance. 
The line RR should be much further advanced if 
closing in on leading currents is required. 

It is probable that an adjustment of about one volt 
will be satisfactory, because most network trans- 
formers have high reactance, and the power-factor is 
not likely to be higher than 0.95. It seems, therefore, 
that the relay should have a range of adjustment 
from 14 to two volts in phase with the network 
voltage. This may be accomplished by using a device 
similar to the usual light-load adjustment supplied 
with standard watthour meters. This adjusting device 
gives a torque that opposes the closing torque exerted 
by a spring. 

It has been previously explained that the relay will 
operate on cable-charging current in the reverse 
direction. This charging current does not usually 
become appreciable until high voltage (such as 13,200 
volts) is used for the primary feeder. Suppose a 13,200- 
volt feeder has only two transformers feeding the 
network and that the substation feeder breaker is 
opened. Then the two relays go to the tripping posi- 
tion. Breaker No. 2 of Fig. 41 trips satisfactorily 
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Fig. 40. Vector Diagram Showing Transformer Impedance 


Voltage Used for the Reclosing Function 


but, for some reason, breaker No. 1 does not trip. 
The cable may have a charging current of one ampere 
per phase per mile and may be five miles long, giving a 
total charging current (I.) of five amperes or 
5X13.2X 1.73 =96.8 kv-a., which is approximately 13 
load on a bank of 300 kv-a. This charging current 
flowing through the transformer causes a voltage to 
appear across the open breaker No. 2. This voltae 
(V,, V,) leads the charging current by an angle equal to 
the impedance angle of the transformer which is about 
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84.3 deg. for a 10 per cent reactance transformer. 
Obviously, breaker No. 2 will reclose but will trip 
again because of thereversecurrent. It will periodically 
reclose and trip (called ‘‘pumping’’) as long as breaker 
No. 1 remains closed, or until something happens to 
breaker No. 2. If the closing circuit of the breaker 
does not require very much current, voltage fluctua- 
tions are not likely to be noticed by the consumers. 
If the relays are designed so that it takes a much 
longer time for reclosing than for tripping, it is not 
possible for a ‘‘seesaw’’ action to take place because of 
some breakers opening before the others. 

Trouble from this pumping may be avoided in 
several ways. The substation operator could stop the 
pumping by simply reclosing the feeder circuit 
breaker, for a voltmeter would indicate back feed 
which means that one or more switches failed to open. 
Two or three operations of the substation breaker 
might clear the breaker which had stuck. If not, an 
inspection would be necessary to locate the faulty 
breaker. The exciting current of the other transformers 
on the feeder will greatly reduce the charging current 
flowing through transformer No. 1. Suppose the total 
transformer capacity on the feeder is 5000 kv-a.; then 
the exciting current may be approximately two per 
cent, or 100 kv-a., more than enough to overcome the 
charging current. If the transformer exciting current is 
lower than the charging current, it could be increased 
by connecting a reactor to the feeder at the substation. 

The relay characteristics may. be modified by 
changing the design of the relay itself or by adding a 
separate relay to prevent reclosing on voltages that 
lag the network voltage more than three to five degrees. 
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Fig. 41. Vector Diagram Showing How Reversed Cable 
Charging Current May Cause “Pumping” 


All the phases of a three-phase system are affected 
approximately the same by the charging current; 
therefore, it is feasible to employ only one extra 
relay to prevent reclosing on voltages in the lagging 
direction. The relay would be identical in construc- 
tion with the usual relay except that the tripping 
contact is omitted and a different set of coils designed 
so as to give the characteristic shown at R’R’ in Fig. 
41. The phasing coil is connected across the contacts 
of one pole of the breaker and closes its contacts on 
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any voltage vector in sectors 1 and 2. The contact of 
this relay is connected in series with the closing 
circuit of the standard relay, which closes its closing 
contacts when voltages occur in the sectors 1 and 4. 
The closing circuit, therefore, is energized only when 
voltage vectors occur in sector 1. The connections of 
the two relays across one pole of the breaker and the 
resulting characteristics are shown in Fig. 42. 


Case of Three Single-phase Regulators 

When the feeder voltage is regulated by individual 
induction regulators, the voltage existing across the 
contacts of the breakers of the incoming feeder may 


T 
Fig. 42. 


Relay Characteristic That Will Prevent “Pumping” 


not be that due to the impedance voltage but may 
be modified in direction and magnitude by the position 
of the regulators. The simplest case involving regu- 
lators is the three-phase four-wire feeder regulated by 
three Y-connected single-phase regulators and sup- 
plying Y-Y connected transformers. In this case the 
regulators always boost or buck the voltage in phase 
with the substation voltage. Therefore, with this 
combination, the incoming transformer voltage is 
always in phase with the substation voltage. The 
cable charging current has a negligible effect on the 
receiving voltage because of the low resistance and 
reactance of the cable. The substation voltage can lag 
the network voltage only when the load power-factor 
angle at the network is greater than the resulting 
impedance angle of the primary feeder, transformers, 
and network mains. Suppose this resulting impedance 
angle is 60 deg.; then the power-factor must be 
lower than 50 per cent in order that the substation 
voltage may lag the network voltage. If the impedance 
angle is 30 deg. the power-factor must be lower than 
86.6 per cent. As long, therefore, as the combination 
of impedance angle and load power-factor is such as to 
keep the substation bus voltage in the leading posi- 
tion, as shown in Fig. 39, the regulators cannot set 
up a condition that will cause pumping. If the regu- 
lator bucks the voltage V, (Fig. 39), the breaker 
cannot reclose. If they boost the voltage V,, the volt- 
age difference across the breaker cannot cause pump- 
ing, because the lag of the current set up cannot be 
over 90 deg. and will be on the closing side of the 
lines TT. 
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Use of Polyphase Regulators 

If the polyphase regulators are used, it is possible 
for the regulators to cause a voltage difference across 
the open breaker of the incoming feeder that will lag 
the network voltage and cause pumping with the 
relay characteristic shown in Fig. 39. An inspection of 
Fig. 43 will show how this is possible. It is more 
convenient in this case to draw the substation voltage 
V, as the reference vector. The polyphase regulator 
voltage is a constant value and changes the feeder 
voltage by moving from x to y along a circular path. 
The diagram indicates that one regulator is at the 
neutral position V, and the other is appreciably 
advanced to the boost position V,. The voltage across 
the open breaker is V,,—V, and sets up the circulating 
current I.. This would cause pumping at no load or at 
light loads. 


Fig. 43. Vector Diagram Showing How Polyphase 
Regulators May Cause “Pumping” 


Hand control of the regulators would be likely to 
give trouble from pumping. The mechanical inter- 
connection of the regulators would eliminate pumping 
caused by regulator displacement. The relay charac- 
teristic may be so modified that the switch cannot 
reclose on voltage differences that will set up a cir- 
culating current on the tripping side of the Line TT in 
Fig. 39. The relay characteristic shown in Fig. 42 is 
suitable. Only one phasing relay is necessary, because 
the regulator affects all phases alike. This relay poten- 
tial coil is actually connected as shown in Fig. 44 to 
permit the closing characteristic to be designed as 
close as three degrees to the horizontal. The breaker 
cannot close in on a voltage difference that is lagging 
the network voltage more than three degrees. The 
current lagging this voltage will not exceed 84 deg. on 
modern systems. Therefore, no phase angle adjust- 
ment is necessary. 


Use of Two Single-phase Regulators 

When two single-phase regulators are used in open- 
delta connection, it is possible for one of the phase 
voltages to be displaced by the regulators to either 
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Fig. 44. Actual Connection of Potential 
Coil of Phasing Relay 


Vol. 31, No. 11 


the lag or lead position. A reference to Fig. 45 will 
explain how this takes place. The equilateral triangle 
ABC represents the bus voltage and also the line 
voltage when the regulators are in the neutral position. 
The normal operation of the regulators increases or 
decreases the voltage triangle symmetrically. No 
phase displacement occurs. The voltage range of the 
regulator in C phase is shown as c’—x—c” and in B 
phase as b’—y—b". Therefore, phases B and C cannot 
be displaced by the regulators. The only phase affected 
is A phase. 

Suppose the line voltage is impressed on a trans- 
former bank with the high voltage connected delta 
and the secondary connected Y with the neutral 
grounded; then the secondary voltage a, b, c corre- 


Tungsten Lamp 


Fig. 45. Vector Diagram Showing How Two 
Single-phase Regulators, Open-delta Con- 
nected, May Cause “Pumping” 


spond in phase with the primary voltages A, B, C. 
Phases B and C are not displaced by the regulators. 
Suppose regulator C is in the neutral position and 
regulator B is run to the full buck position at b”; 
then voltage A or ais shifted to the lagging position. 
Now when regulator C is operated from buck to boost 
(c’ to c”) the end of vector a travels from e to fÍ. 
When regulator B is in the neutral position and regu- 
lator C is varied from c’ to c”, the voltage vector 
moves from g toh. The same thing is true with 
regulator B in the buck position where a varies from 
1 to 7. Obviously, the regulators can be made to 
cause the secondary voltage a to occur at any point 
in the diamond-shaped area e, f, J, 1. The normal 
operation of the regulators bucks or boosts the 
secondary voltage in phase with it along the path 
1i—y—f. 

The characteristics indicated in Fig. 42 may also 
be used to prevent reclosing on transformer voltages 
that are in the lagging direction. This characteristic is 
necessary only on the one phase affected by the 
regulators. The other two phases can use the charac- 
teristic indicated in Fig. 39. 


(To be continued) 
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Impulse Characteristics of Driven Grounds 


Tests Made with Cathode-ray Oscillograph—Comparison of Impulse Resistance with 60-cycle 
Resistance— Single and Multiple Pipe Grounds—Effect When in Series with Arrester 


By H. M. TOWNE 


Lightning Arrester Engineering Department, Pittsfield Works 
General Electric Company 


lished in recent years concerning the charac- 

teristics of grounds. Studies by numerous 
investigators in widely separated geographical sec- 
tions have disclosed the behavior of various forms of 
ground electrodes under greatly differing soil con- 
ditions. The industry has benefited greatly from this 
work through a general cognizance of the factors 
influencing the grounding problem. 

The purpose of grounds in general is to hold vari- 
ous apparatus or parts of an electric circuit at or near 
earth potential. In fulfilling this purpose the ground 
electrode or multiple system of electrodes must pre- 
sent a low electrical resistance to earth at large, so 
that the possible current flow from the electrodes 
to earth will not produce any appreciable voltage 
drop. The great majority of electrical grounds are 
subject to current flow from only the electrical sys- 
tem itself, involving either direct currents or alter- 
nating currents of commercial frequencies, so that 
the efficacy of the ground needs to be determined 
only by a study of its electrical resistance with 
respect to those commercial direct-current or alter- 
nating-current sources. Grounds for modern light- 
ning arresters however are subject to little or no 
system current flow, but pass impulse currents which 
are of a transient nature and which may amount to 
hundreds or perhaps thousands of amperes. It is 
therefore desirable to know how the resistance to rela- 
tively large impulse currents compares with the resist- 
ance as shown by the smaller and steady-state current 
flow involved in the ordinary measuring practice. 

It is a well-known fact that many materials of 
non-homogeneous character do not obey Ohm’s law 
but decrease in resistivity as the current density in- 
creases. With possibly rare exceptions, soil is non- 
homogeneous with conducting particles separated 
by the more non-conducting particles, and the physi- 
cal and chemical structure of the particles varying 
widely. The current density in the soil around a 
lightning-arrester ground is indeterminate, and de- 
pends upon the magnitude of the lightning dis- 
charge current and the physical features of the 
electrodes. Nevertheless, it has been suspected that 
the enormously greater currents of lightning dis- 
charges together with the non-homogeneity of the 
conducting soil would account for some difference 
in the effective resistance from that indicated by the 
ordinary ground-measuring practice. 


CC isted in recent information has been pub- 


Some studies of the impulse characteristics of 
several driven-pipe grounds have been made by the 
Research Laboratory of the Lightning Arrester Engi- 
neering Department at Pittsfield, using the cathode- 
ray oscillograph”) for recording the transient be- 
havior. While the work is by no means complete or 
conclusive, the results secured are interesting and 
hint, at least, of the probable tendencies of the 
majority of arrester grounds under impulse conditions. 

The electrodes employed were one-half inch stand- 
ard (0.84 in. outside diameter) galvanized-iron pipes 
which were driven into loose, gravelly soil outside of 
the laboratory. The soil is partly of artificial fill of 
some twenty years ago and offered little resistance to 
driving. Frequent- rains during the investigation 
kept the soil always damp just a few inches below 
the surface. Electrodes of various depths and multi- 
ples of them were studied. Connection was made from 
a 50-kv. impulse generator and the oscillograph to 
the ground electrodes by an 18-ft., No. 6, stranded, 
cambric-covered cable having an ohmic resistance of 
0.01 ohm. As the basis of reference for both the 
steady-state alternating-current and impulse meas- 
urements, use was made of a ground consisting of a 
pipe and conduit system which combined had but a 
fraction of an ohm resistance to true ground. 

The impulse generator was adjusted to deliver a 
current of several hundred amperes (depending 
somewhat on the ground resistance being studied) 
which rose in 20 to 30 microseconds and decreased 
rather slowly, being about two-thirds of the maximum 
value at the end of 100 microseconds. The voltage 
followed approximately the same wave shape and 
is shown by the oscillogram in Fig. 1. Voltage and: 
current were recorded simultaneously, and the ground 
resistance at any point of the impulse wave can be 
calculated from the volt-ampere characteristic so 
produced. 

Before studying the grounds, a few preliminary 
tests on water-tube resistances were made to check 
the adjustments. Figs. 2 and 3 (made by the cathode- 
ray oscillograph respectively without and with sweep 
motion) show the volt-ampere characteristic of a 
water tube as an absolutely straight line, denoting 
a constant resistance irrespective of current density. 
This tube measured 51 ohms by 60-cycle test; and 
the impulse current of 810 amp. produced a voltage 


QA description of a portable type of cathode-ray oscillograph was 
gren in the article, *‘Cathode-ray Oscillographs and Their Uses,” by E. S. 
ee, GENERAL ELECTRIC REVIEW, August, 1928, p. 404. 
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drop of 42 kv., thus indicating 51.7 ohms, which is 
a good check. 

The impulse was then passed through the 18-ft. 
lead with no water tube or ground resistance, to de- 
termine any inductive drop which the lead might 


Fig. 1. Cathode-ray Oscillogram of the Typical Impulse 
Test Voltage Applied 
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introduce. Fig. 4 shows the volt-ampere test, and 
indicates negligible voltage drop across the lead. 
Fig. 5 shows the volt-ampere characteristic of a 38- 
ohm water tube in series with the 18-ft. lead. It 
will be noted that the lead negligibly modifies the 
straight-line volt-ampere characteristic of the water 
tube. This test proves that in the subsequent tests 
on the driven grounds no corrections need to be made 


for the effect of the lead. 


Fig. 6 is the volt-ampere test on 11 driven-pipe 
grounds in parallel. The 60-cycle measurement 
showed the resistance for this group of pipes to be 
24 ohms. On the impulse test, the start of the volt- 
ampere curve indicated 27 ohms; but at the maxi- 
mum current of 880 amp. the voltage drop across the 
ground resistance is 15 kv. indicating a resistance of 
17 ohms, which is 71 per cent of the 60-cycle meas- 
ured value. 

Fig. 7 is a similar test on a single 10-ft. driven-pipe 
ground. The a-c. 60-cycle measurement is 82 ohms; 
the initial volt-ampere slope indicates 78 ohms, and 
at the maximum current of 660 amp. the resistance is 
50 ohms, or 61 per cent of the 60-cycle measured value. 


Fig. 2. Cathode-ray Oscillogram (Without Sweep) Indicating the 
Volt-ampere Characteristic (and Zero Lines) of a 


Water-tube Resistance 


Fig. 4. Volt-ampere Characteristic of an 18-ft. Lead Grounded to 


Conduit (no Ground Resistance) 


Fig. 3. 


Oscillogram (Employing Sweep) Made Under the 
Same Conditions as Those for Fig. 2 


Fig. 5. Volt-ampere Characteristic of the 18-ft. Lead (Fig. 4) and a 
38-ohm Water-tube in Series 


IMPULSE CHARACTERISTICS OF DRIVEN GROUNDS 


Fig. 8 was found for a pipe driven 3 ft. and 
the 60-cycle measured resistance was somewhat 
variable, averaging 110 ohms. At the maximum 
impulse current of 583 amp. the resistance is 
55 ohms, which is 50 per cent of the 60-cycle resist- 
ance value. 

Fig. 9 is for a 6-ft. pipe with a 60-cycle resistance 
of 165 ohms; and the impulse resistance is only 77 
ohms at the impulse current of 494 amp. It will be 
noted that this 6-ft. electrode presented higher 
60-cycle and impulse resistances than the 3-ft. elec- 
trode referred to in the preceding paragraph. This 
was due to appreciably poorer soil conditions at the 
location of the 6-ft. sample. Had the soil been uni- 
form for both locations the 6-ft. electrode would 
naturally have presented appreciably lower resist- 
ances than the 3-ft. electrode. 

Several studies were made of the behavior of still 
higher resistance grounds. Fig. 10 is representative, 
being for a 6-ft. pipe ground having a 60-cycle resist- 
ance of 330 ohms. The resistance values under im- 
pulse currents are designated for the initial upward 
slope, the maximum current, and the final downward 


Fig. 6. Volt-ampere Characteristic of 11 Driven-pipe Grounds in 
Parallel. The resistances given are those at the beginning 
and at the peak of the impulse application 


Fig. 7. Record Similar to That in Fig. 6 Except for Being 
Applied to One 10-ft. Pipe Ground 
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slope of the volt-ampere characteristic. It will be seen 
that these values are 204 ohms, 113 ohms, and 79 
ohms respectively. At the maximum current of 240 
amp. the resistance was 113 ohms, or about 34 per 
cent of the measured 60-cycle resistance. 


Fig. 8. Volt-ampere Characterstic of One 3-ft. Pipe Ground 


Fig. 9. Volt-ampere Characteristic of One 6-ft. Pipe Ground 
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Fig. 10. Volt-ampere Characteristic of a 6-ft. Pipe That Formed 
a Ground of Higher Resistance Than That in Fig. 9 
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Some of the grounds were salted liberally to de- 
termine if this changed the impulse characteristic. 
Fig. 11 is for a 3-ft. pipe which before salting meas- 
ured 160 ohms on 60-cycle current; and at maximum 
impulse current was 69 ohms, or 43 per cent of the 
60-cycle value. After salting the 60-cycle measure- 
ment was 19 ohms; and the impulse resistances for 
the initial upward slope, maximum current, and final 
downward slope are 23 ohms, 15 ohms, and 10 ohms 


Fig. 11. Volt-ampere Characteristic of a 3-ft. Pipe 
Ground After Salting 
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Fig. 12. Volt-ampere Characteristic of a 3-kv. 
Pellet-type Arrester 


respectively. At a maximum impulse current of 660 
amp. the resistance was 79 per cent of the 60-cycle 
measured value. 

In all of the tests, 60-cycle measurements using the 
voltmeter-ammeter method were always taken just 
before or immediately after the impulse test. Sixty- 
cycle measurements before and after the impulse 
were substantially the same. These measurements 
were made using a l-kv-a. hand regulator and a 
220/440-volt transformer, enabling any voltage up 
to 440 to be applied to the ground resistance. The 
voltage applied depended on the resistance, and the 
range of current was generally between 1 and 4 amp. 

The initial upward slope of the impulse volt- 
ampere curves in some cases indicates resistance 
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values slightly above the 60-cycle values. This is 
probably due to error in the determination of the 
initial upward slope, which will be understood from 
a study of the oscillogram. The slope is indicated on 
the oscillograms largely to show more conspicuously 
how the volt-ampere curve falls off, indicating a con- 
tinuously decreasing resistance. 

It is interesting to note how the presence of a series 
ground resistance affects the protective ability of a 
lightning arrester. Fig. 12 shows the volt-ampere 
characteristic of a 3-kv. pellet-type lightning arrester. 
The characteristic is ideal in that the voltage across 
the arrester is practically constant regardless of dis- 
charge current through it. The instantaneous or 
crest voltage drop at 800 amp. is much less than twice 
the crest voltage of the arrester’s 60-cycle rating. If 


Fig. 13. Volt-ampere Characteristic of a 20-ft. Pipe Ground 


the impulse discharge current is increased to 1000 or 
1500 amp. the voltage drop through the arrester 
remains substantially the same. Fig. 13 is the impulse 
volt-ampere characteristic for a 20-ft. driven-pipe 
ground which had a resistance of 55 ohms by 60- 
cycle measurement; and at 758 amp. impulse current 
had a resistance of 41 ohms. If the arrester is con- 
nected in series with the ground resistance, as in the 
practical case, the protective ability of the installa- 
tion is determined by the impulse volt-ampere char- 
acteristic of the series combination, which is shown 
in Fig. 14. In this the voltage drop of the arrester 
is added to that of the ground resistance, and the 
higher the ground resistance the greater will be the 
voltage across the combination for any value of dis- 
charge current. In Fig. 15 the record of Fig. 14 is 
superimposed on that of Fig. 12 to show more 
directly the influence of the ground resistance to 
reduce the protective performance of an arrester in 
practice. It becomes evident that the maximum value 
of ground resistance which can be tolerated in any 
installation, and still give protection to the adjacent 
apparatus insulation, depends on the value of the 
lightning discharge current andthe voltage which the 
adjacent apparatus insulation will withstand for the 
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duration of the particular discharge. Unfortu- 
nately, the magnitude and duration of the discharge 
current, and the impulse strength of apparatus in 
service, can rarely be predetermined. It is therefore 
obvious that protection of weaker insulation against 
the severest discharge demands low ground resistance, 
which keeps the overall volt-amperecharacteristic little 
or no different from that of the arrester. It is also ap- 
parent that the lower the volt-ampere characteristic of 
the arrester itself, the greater the value of series ground 
resistance which can be safely employed in any case. 

It is recognized that in confining these studies to 
one class of soil and one form of ground electrode, 
the data are not complete in their application to the 
widely varying conditions in practice. However, it 
seems probable that soil, except perhaps the most 


Fig. 14. Volt-ampere Characteristic of the 3-kv. Arrester (Fig. 12) 
and 20-ft. Pipe Ground (Fig. 13) in Series 


homogeneous variety, can be expected to present a 
fairly pronounced loop type of impulse volt-ampere 
characteristic, in which the resistance decreases with 
increase in applied voltage and resultant current. 
The initial slope of theimpulse characteristics indicates 
a resistance approximately the same as the 60-cycle 
measured value. The resistance at maximum voltage 
and current of the oscillograms can be very accurately 
measured and was found from many tests to be from 
34 to 80 per cent of the measured 60-cycle values. 

In general, the greatest difference between 60- 
cycle and impulse resistances is found for the higher 
resistance grounds with which, of course, the voltage 
drop is highest. However, the difference is not always 
proportional to voltage, but depends also on the 
character of the ground and soil. For instance, in 
one test the resistance under impulse was 79 per cent 
of the 60-cycle resistance in which case the impulse 
voltage across the ground resistance was 9.9 kv. In 
another case, the resistance under impulse was 74 
per cent of the 60-cycle resistance when the impulse 
voltage across the ground resistance was 31 kv. 
While in the latter case the voltage was three times 
that in the former, the ratio of impulse resistance to 
60-cycle resistance is substantially the same. The 
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size of the loop or the difference in resistance with 
increasing and decreasing current probably depends 
on the physical character of the soil, as well as on 
the magnitude and time element of the impulse. In 
some cases the resistance becomes fairly constant 
after the crest of the impulse current is reached, 
while in others the resistance decreases throughout 
the entire loop. The decrease in resistance shown by 
the impulse volt-ampere characteristics is probably 
due to high-resistance contacts between the more 
conducting particles of soil, at or near the surface 
of the electrode, which are bridged over by arcs or 
sparks when sufficient voltage is applied. These arcs 
continually decrease in resistance throughout the 
duration of the impulse current. In some of the tests 
the arcs were observed both visually and audibly. 


Fig. 15. Comparison of the Arrester and Ground (Fig. 14) 
with the Arrester Alone (Fig. 12) 


Some tests were made using a quicker impulse in 
which the voltage and current rose to maximum in 5 
microseconds. This faster wave caused a large in- 
ductive drop across the 18-ft. lead and oscillations 
on the wave front, both of which somewhat obscured 
the true volt-ampere characteristic of the ground re- 
sistance, especially at rising currents. However, in 
general, similar loop characteristics were found for 
the ground resistance and the reduction of resistance 
at maximum current and voltage was of the same 
order as shown for the slower wave. 

In conclusion, it is probable that for practically all 
classes of soil and all forms of electrodes the loop 
volt-ampere characteristic will exist. However, the 
decrease is not sufficient to justify counting on this 
action to make high-resistance grounds effective for 
lightning protection. For lightning arresters of the 
pole type, 60-cycle ground-resistance values of 15 
ohms or less are desirable. Where such low values 
cannot be obtained, a higher density of arresters per 
unit length of the line, to diminish the net resistance 
from line to earth, will improve protection. For sta- 
tion-type arresters, where the larger discharge cur- 
rents may be expected, 5 ohms by 60-cycle measure- 
ment is probably more desirable. 
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Decrease of Luminosity of Self-luminous 
Materials Over a Five-year Period 


By W. S. ANDREWS 
General Electric Company 


HE decreasing luminosity of materials contain- 
ing radioactive matter was made the subject 
of a series of observations extending over a 
period of five years from January 23, 1923, to Janu- 
ary 23, 1928, inclusive. Two objects were sought: 
(a) to compare the performance of radium content 
with that of mesothorium content, and (b) to show 
the relative performance of mixtures containing dif- 
ferent amounts of these two elements. 
Five samples were used, each containing one gram 
of zinc sulphide. Three contained respectively 100 


Luminosity 


1926 


Fig. 1. Curves Showing Comparison of Decreasing Luminosity, with 
Time, of Samples Containing Respectively (A) 100 Micrograms, 
(B) 50 Micrograms, and (C) 15 Micrograms of Radium 
Element Mixed with Zinc Sulphide 


micrograms, 50 micrograms and 15 micrograms of 
radium element; and two contained respectively 50 
micrograms and 15 micrograms of mesothorium 
element. 

These self-luminous materials were in the form of 
dry powder in flat glass tubes, measuring approxi- 
mately 214 in. long, 14 in. wide and 3/32 in. thick, 
the open ends being sealed with wax. 

The luminous value of these materials is so low that 
no effort was made to measure them in terms of candle 
power and a photometer of the ordinary kind was not 
employed. 

The method used was to produce alongside the 
sample an equal degree of luminosity from a frosted 
miniature lamp, measuring at each observation the 
distance of the lamp from the plane of the sample, 
this distance increasing of course as the sample grew 
dim. Following the law of inverse squares, the recip- 
rocal of the square of the distance was used as the 
measurement of relative luminosity. These values, 


plotted from successive observations, give drooping 
curves that bring out very clearly the comparisons 
which were the object of the test. 

The instrument used is what has been called a com- 
parator and which was designed for this purpose and 
used in a previous similar five-year test, described in 
an article in the GENERAL ELECTRIC REvIEW of 
October, 1916, entitled, “A Luminescense Com- 


_ parator.’’ With certain features added to increase 


the convenience of operation, it may be again de- 
scribed as follows: 

A telescoping tube having a plano-convex lens at the 
fixed end. The inner sliding tube carries an ‘‘all-nite- 
lite” transformer with a miniature incandescent lamp 
in a horizontal position which may be moved towards 
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Fig. 2. Comparison of Decreasing Luminosity, with Time, of 
Samples Containing Respectively (A) 50 Micrograms, 
and (B) 15 Micrograms of Mesothorium Element 
Mixed with Zinc Sulphide 


or away from the lens. Covering the inner surface of 
the lens is a color screen’ made of several plates of 
carefully selected colored glass, which give to the lamp- 
light emitted from the lens a color that matches the 
color of the luminous samples. 

The outer surface of the lens is masked except for 
a narrow slot of the same width and length as the 
sample to be measured. The sample, held by clips, 
is placed beside this slot so that the light from the 
lamp and the light from the sample present two 
parallel and contiguous bands. By moving the lamp 
back and forth, a position is found where the two 
bands of light appear to be of identical value. 

The sliding tube holding the lamp is supported by 
a Carriage that is moved by a thin metal band passing 
over a sprocket wheel at the front of the instrument 
and an idler pulley at the rear; holes in the band fit 
the sprocket teeth. A handwheel on the spindle of the 
sprocket wheel affords convenient control of the mov- 
ing system. 
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The metal tape is marked with millimeter gradua- 
tions and a fixed pointer allows readings of the distance 
of the lamp from the outer face of the lens. A shelf at 
the front of the instrument and beneath the lens 
accommodates the paper on which one records the 
readings; and the graduated tape is seen through an 
opening in the shelf. Light is thrown upon the tape 
at this point by a carefully shaded miniature lamp 
controlled by a push button. 

The process of testing is perhaps obvious from the 
foregoing description. The sample is slipped under 
the clips that hold it beside the band of lamplight 


Luminosity 
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Fig. 3. Comparison of the 100-microgram Radium Element Sample 
(A) with the Sample Containing 50 Micrograms of Mesothorium 
Element (B). Note that after the first year the mesothorium 
sample makes the better showing 


and motion of the handwheel serves to adjust the 
position of the lamp until the two light bands match. 
The reading lamp is then flashed on and observation is 
made of the scale marking, after which the light from 
the lens is dimmed or brightened by turning the hand- 
wheel and the process is repeated until a number of 
readings have been made from which to secure an 
average. 


The light values are very low and a few millimeters 


one way or another make but little difference to the 
eye. It requires very deliberate observation to con- 
vince one’s self that a balance has been struck. One 
may obtain a succession of identical readings and find 
the next is surprisingly higher or lower. Two ob- 
servers making independent tests would often check 
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accurately with each other in some readings and 

disagree in others, and in such cases the average of 

their respective averages was the figure used. 

All observations were made in the same room and 
in the dark. The samples were kept from the light 
between tests, being individually wrapped in colored 
paper and kept in a box by themselves. 

For the first six months, observations were made 
every two or three weeks, and after that at intervals 
of about 100 days with occasionally shorter intervals. 
The tests were conducted at the writer’s residence 
using the city lighting supply which during the winter 
months was sometimes below normal voltage. While 
this and the great difficulty of accurately comparing 
lights of such very low intensity make some of the 
readings appear erratic, it is believed that the general 
trend of luminosity is shown by the curves with 
sufficient accuracy to permit a comparison of the 
different samples as regards the rate and extent of 
their decline from initial brightness. 

From the curves showing the recorded data the 
following conclusions may be drawn: 

(1). The mixtures which have the highest energiz- 
ing element suffer rapid decline during the 
first year. 

After five years there is but little practical 

difference among the samples in the matter of 

light emitted. 

After the second year the curves of the 50- 

microgram and 100-microgram radium sam- 

ples are practically identical. 

. Samples containing mesothorium decline more 
slowly than those containing corresponding 
weights of radium element. 

. The 50-microgram mesothorium sample, after 
the first year, is brighter than any of the 
others, including the 100-microgram radium 
sample. 

It is believed that these tests may serve as a guide 
in the selection of materials for self-luminous paint 
which has acquired such an important place in con- 
nection with illuminated dials and markers for 
switches, socket pendents and other applications. 

The writer is glad to acknowledge the assistance 
of Mr. J. H. Jenkins in the conducting of these tests, 
for conveniences added to the comparator and for 
aid in the preparation of this report. 


(2), 


(3). 


375 Miles of Michigan Highways Lighted ` 


Michigan’s trunk line highways, which in a decade 
or so have advanced from gravel to pavement, are 
taking another step forward. They are becoming 
lighted paths, as safe for travel at midnight as at noon. 
So rapid has been progress in this direction that within 


the next five or ten years, it may be expected that the 
state will be criss-crossed with illuminated highways. . 
With recent additions, the lighted rural highwavs now 
stretch a total of more than 375 miles in that state, 
and the mileage is growing with increasing speed. 
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CRYSTAL ORIENTATION AND THE STATIONARY-OSCILLATING FILM 
METHOD FOR ITS DETERMINATION 


By DR. THOMAS A. WILSON 
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Lattice Orientation and Its Significance to Industry 
-RAY analysis of crystalline materials is em- 
x ployed in industry at the present time to 
furnish information regarding their lattice 
structure and the lattice orientation. Many measure- 
ments of the former quantity, for a wide range of 
substances, have been made by a large number of 
investigators. Any pure substance will show only one 
regular arrangement of its constituent atoms or mole- 
cules within any particular crystal. No substance 
shows more than a very few fundamental lattices. 
Hence the lattice structure of a substance is character- 
istic of that substance. 

The lattice orientation of any particular specimen 
on the other hand is only to a very slight extent 
characteristic of the substance of which the specimen 
is composed. For instance, a cube of iron appears 
cubic no matter from what position it is regarded; 
t.e., whether a cube face, a cube edge, or a cube corner 
is directed toward the observer. But these three 
positions of the iron cube represent three different 
orientations of the cube with respect to the observer. 
The lattice arrangement of the atoms forming this 
cube of iron is the same in this cube irrespective of 
its orientation, since it is the one which is character- 
istic of iron at room temperature. But the orientation 
of the cube relative to its surroundings can be changed 
at will. An infinite number of such positions are 
possible. 

Let us imagine a successive subdivision of the 
massive iron cube into smaller and smaller cubes, 
even into cubes far below the range of microscopic 
visibility. Eventually a cube will be obtained con- 
taining the equivalent of only two atoms of iron. 
The length of the cube edge will be 2.86 Ångström 
units. (© This is the body-centered unit cube of which 
@ iron is composed “4 but as shown in Fig. 78, several 
strikingly different orientations of this unit cube 
within a sample of iron are possible. It is not so easy 


(40)Hull. Phys. Rev. 10, 661 Oras 14, 540 (1919). McKeehan, tbid. 21, 
402 (1923 . Davey, ibid. 23, 292 (1924 

(181) Westegren, Jour. Iron & Sa Inst. 103, 303 (1921). Westgren & 
Phragmen. ibid. 106, 241 (1922) 


to control the orientation of this unit cube within 
the specimen as it was to control the orientation of 
the massive iron cube. Many processes extensively 
employed in metallurgical work, however, such as 
rolling, wire-drawing, and bending‘) do produce 
changes in its relative position in the specimen. Even 
a strip of iron cut parallel to the edge of a sheet of 
iron,as shown in Fig. 79A, will show a different orienta- 
tion of the elementary cubes than a strip cut diagon- 
ally across the sheet as shown in Fig. 79B, if the sheet 
originally showed a preferred orientation of these 
cubes. 

The industrial world is interested in the physical 
properties of the materials which it employs, such 
as their tensile strength, ductility, and rigidity. 
These properties are particularly influenced by differ- 
ences in orientation. “) It follows then that in any 
specimen which shows preferred orientation, these 
properties will not be the same in all directions 
throughout the specimen. Neither will they be the 
Same in the same direction throughout different 
specimens of the same material, unless these different 
specimens show the same preferred orientation. They 
will also be: governed largely by the previous history 
of the material. Further investigation may show 
that many other properties are also definitely con- 
trolled by the lattice orientation. Hence the investi- 
gation of the influence of various manufacturing 
processes on the lattice orientation of materials and 
the relationship existing between the orientation and 
the properties of these materials is a task which 
industry can not afford to overlook. 


The Importance of Single Crystal Specimens 
Most of the metal specimens, at least, encountered 
in industry are composed of fairly small crystals 


which probably will show, because of their previous 


(42) Taylor & Elam, Proc. Roy. Soc. 112-4, 337 (1926). Nishikawa and 
Asahara, Phys. Rev. 15, 38 (1920). Mark, Polanyi and Schmid, Z.f. Phystk. 
12, 58 (1922). Hoyt, Tech. Paper No 1624 E., Am. Inst. Min. Met. Eng. 
(1926). Tanaka, Memoirs of the College of Science, Kyoto Imperial University, 
8A, 319 (1925:, 9A, 197 (1925). Tammann, Z. f. tech.. Physik. 7, 531 (1926. 

(43) Mathewson & Phillips, Tech. Paper No. 1623 E, Am. Inst. Min Eng. 
(1926). Mathewson, Trewin, and Finkeldey, Trans. Am. Inst. Min. Met. 
Eng. 64, 305 (1920). 


References made to material hitherto published in this series of articles may be readily located from the following table: 


Part Issue Figs. 
Part I Nov., 1924 p. 742 l and 2 
Part II Dec.. 1924 p. 795 3 to 10 
Part III Feb., 1925 p. 129 11 to 22 
Part IV Apr., 1925 p. 258 23 to 28 
Part V May, 1925 p. 342 29 to 35 
Part VI Aug., 1925 p. 286 36 to 51 
Part VII Oct., 1925 p. 721 52 to 59d 
Part VIII Feb., 1926 p. 118 60 to 67 
Part IX Apr., 1926 p. 274 68 and 69 
Part X Aug., 1926 p. 580 70 and 71 
Part XI Sept.. 1928 p. 496 72 to 77 


Equations 5 Tables Footnotes 
1 to 16 I and II ] to 21 
17 to 32 III 22 to 27 
33 to 37 IV 28 to 42 
38 to 41 None 43 to 48 
None None 49 
42 V to VII 50 to 58 
43 to 47 VIII and IX 59 to 65 
48 X to XIII 66 to 82 
49 to 56 XIV to XXVI 83 to 117 
57 to 66 XXVII to XXXI 118 to 131 


67 to 84 XXXII to XXXIII 132 to 139 
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treatment, a preferred orientation. Such specimens 
are not so desirable for experimental study as those 
in which only one orientation is present. Further- 
more, the relationship between properties and pre- 
ferred orientation in polycrystalline materials may 
be complicated because of the different sizes of crystals 
present and the conditions obtaining at the crystal 
boundaries.) Single-crystal specimens eliminate 
these two variables and also assure the presence of 
only one lattice orientation. Many methods have been 
developed for producing metal specimens composed 
of only one crystal, or of producing specimens 
composed of such large crystals that the individuals 


&) DIRECTION OF 
LENGTH OF 
SPECIMEN 


Fig. 78. Some Different Orientations of the Unit 
Cube of Iron 


may be isolated and investigated separately. There- 
fore, the determination of the lattice orientation of 
single-crystal specimens is of particular value at the 
present time. 


Methods of Determining Lattice Orientation in Single 

Crystal Specimens 

Except for a few instances in which optical methods 
can be utilized for the determination of lattice 
orientation, x-ray analysis must be employed. Two 
general methods of x-ray analysis have been found 
suitable for the purpose: the Laue method (“® and 
the oscillating crystal method. 

The Laue method must be employed if the speci- 
men under investigation can not be rotated or oscil- 
lated. With monochromatic x-radiation penetrating 
a Stationary single-crystal specimen, or one possessing 
a strongly preferred orientation, the chances will be 
small that any considerable number of planes will 
be be properly placed to produce reflection. With white 
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radiation, reflections from more planes are produced. 
Uspenski and Konobejewski‘“”?) have employed 
a modified form of the Laue method in which a series 
of photographs are taken of the specimen set at a 
number of slightly different angles with respect to 
the incident x-ray beam. From the change in the 
shapes of the different zone ellipses produced in the 
photographs of these settings, it is possible to calcu- 
late the orientation of the elementary prisms in the 
metal strip. This method has also been chosen by 
Fujiwara (“9 for his investigation of rolled tungsten 
strip. In order to increase the number of plane reflec- 
tions produced by the specimen, Seeman (“9 has em- 
ployed either a divergent incident x-ray beam or an 
oscillation of the specimen. In Seeman’s method, 
the photographic plate is caused to oscillate in unison 
with the specimen. Very complex patterns, called 
by Seeman ‘“‘complete diagrams,” are thus obtained. 


P 


A 8 


Fig. 79. Producton of Different Orientations of the Unit Cube by | 
Varying the Direction of Cutting a Strip Specimen 


These diagrams were first obtained by de Broglie. (5% 
The origin of these diagrams and the manner of 
their use in determining crystal orientation have 
been described by Polanyi and Weissenberg. (15!) 

In the oscillating crystal method, a directed beam 
of monochromatic radiation is caused to graze the 
surface of the crystal at various angles determined 
by the oscillation of the crystal. In the arrangement 
of Schiebold 52 the film remains stationary, while the 
specimen is caused to oscillate. The angle of oscilla- 
tion may be varied in order to obtain the necessary 
number of plane reflections for a determination of the 
lattice orientation. The photographs are best solved 
by graphical means, provided the crystal can be set 
by some optical method so that its axis of oscillation 
coincides with some simple zone axis. To avoid the 
necessity of making this previous setting, a compli- 
cated x-ray goniometer for monochromatic’ radiation 
work has been devised by Weissenberg. 059 

(46 Davey, GENERAL Ecectric Review, 28, 129 (1925). 

(447) Uspenski and Konobejewski, 7.f. Physik, 16, 215 (1923). 

(4"9)Fujiwara, Publication of Tokyo Elec. Co. 1, 83, (1925). 

C9 Seeman, Ann. d. Physik, 49, 470 (1916), fe Z. 20, 51 (1919). 

(18)M. de Broglie, Compt. rend. 156, 1011 (1913 

(451) Polanyi, a 9, 337 (1921). 
berg, Z.f. Physik, 9, 123 (19 


053)Schiebold, Z.f. P ER a 180 (1922), 28, 355 (1924). 
0s) Weissen berg, Z.f. Phsyik, 23, 229 (1924). 
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The Laue method permits the determination of 
the internal orientation of the specimen—which may 
be different from the orientation prevailing at the 
surface. No mechanism need be provided for oscillat- 
ing the specimen. On the other hand, the complicated 
patterns obtained from the Laue method are the 
more difficult of solution if no clue as to the possible 
orientations of the lattice is available. Particularly 
is this true of the complete diagrams. Bernal “™) has 
recently collected the methods to be employed for 
solving these complete diagrams for the indices of 
the planes producing the observed reflections. An- 
other disadvantage of the Laue method is common 
to any method which depends on penetration of the 
specimen by a beam of x-rays; the allowable thick- 
ness of the specimen is limited by the absorption 
of the material for the x-rays employed. (59 A speci- 
men of any appreciable thickness demands an incon- 
veniently long time of exposure. 

This objection does not apply to the oscillating 
crystal method. Owing to the fact that the x-ray 
beam is caused to graze the surface of the specimen, 
the effect of absorption is diminished and the neces- 
sary time of exposure is shortened. The thickness of 
the specimen under investigation is of no moment. 
The orientation of crystals in thick plates or bars 
may be thus determined. But by this method, only 
the orientation of the surface layers of atoms is 
determined. If the specimen is etched so that purely 
surface effects are eliminated, this objection is invalid. 
Sometimes indeed it is an actual advantage to be 
able to analyze layers of atoms at different distances 
beneath the surface.‘"* The oscillating crystal 
method permits such an analysis to be made, since 
successive etchings and exposures can be made on 
the same specimen. 

Practically all of the materials in common com- 
mercial use have had their atomic arrangement 
determined. The use of such data should render 
possible a simpler method of ascertaining the lattice 
orientation of a particular single-crystal specimen. 
With this end in view, Schiebold and Sachs‘) have 
devised a simple stereographic method of determining 
the crystal orientation of a face-centered cubic 
single-crystal specimen from a Laue photograph of 
the stationary crystal. Muller") making use of the 
intensity of x-ray reflections from different planes 
of a material has devised an easy way of ascertaining 
the crystal orientation of a wire or bar-shaped speci- 
men composed of that material by means of an 
adaptation of the oscillating crystal method. But in 
this method, the constant attention of the operator 
is required during the time in which the series of 
exposures is being made. 

(14) Bernal, Proc. Roy. Soc. 118A, 117 (1926). 
ony Che. a omproR: ‘X-rays and Electrons” (D. Van Nostrand Co. 

CH: Bozorth, Jour. Amer. Chem. Soc. 49, 969 (1927). 


(87)Schiebold and Sachs, Z.f. Krist. 63, 34 (1926), 
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The Stationary-oscillating Film Method for Determining 

Crystal Orientation 

In this method which has been previously an- 
nounced by Davey "5 the monochromatic x-radiation 
and the oscillating crystal are employed. Two photo- 
graphic impressions of the resulting glancing beam 
spectrogram are obtained simultaneously, on two 
films curved to form arcs of concentric cylinders 
about the axis of rotation of the specimen as the 
axis of the cylinders. The radii of the two films are as 
nearly identical as the construction of the apparatus 
will permit. One of the films remains stationary during 
the exposure; the other is caused to oscillate together 
with the crystal. The record of the stationary film 
is utilized for determining the planes producing 
x-ray reflection, and for determining the horizontal 
angle formed by these planes; the oscillating film 
supplies information as to the amount of rotation 
experienced by the specimen before a particular 
reflection is produced. No goniometric setting of the 
specimen is necessary. The exposure time is short, 
the patterns obtained are simple and easily solved by 
graphical means. Since the x-ray beam grazes the 
surface of the specimen, the crystal may be of any 
thickness. 

Fig. 80 represents a sectional diagram of the experi- 
mental apparatus; a and b represent two films curved 
concentrically about a center of curvature d, per- 
pendicular to the plane of the paper, and in the sur- 
face of the crystal under examination; while c 
represents the usual ZrO, filter employed with the 
K radiation from the Mo target of the tube to pre- 
vent radiation of other wavelengths from reaching 
the films a and b. The film a and the crystal are 
caused to oscillate simultaneously and slowly through 
the same angle ¢. Before the specimen has experienced. 
any rotation, the situation is that shown in Fig. 80A. 
The beam grazes the surface of the specimen, and 
makes an impression on the two films at the points 
e and f. If there are no planes inclined at the proper 
angle to produce reflection, as required by the Bragg 
reflection equation, no further impression will be 
produced on the films. Now let the specimen and the 
film a be rotated through a certain angle ¢ (Fig. 80B), 
in which location some atomic plane in the specimen 
is brought into the proper position for x-ray diffraction. 
Again impressions will be made simultaneously on 
the two films at points g and h. The zero beam im- 
pression on the rotating film is now found at f. Let 
the angle subtended by the arc g e at the axis of 
rotation d be ġı, and the angle subtended by the arc 
hf be ¢2. The amount of rotation experienced by the 
specimen before the reflection from this atomic plane 
was produced is accordingly: 


> = $1 — $2 (85) 

Fig. 81 represents the situation when reflection is 

recordedon the stationary film. The linegerepresenting 
 (m)Davey, Phys. Rev. 23, 746 (1924). 
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the intersection of the plane of Fig. 80 with the 
stationary film is perpendicular to the axis of rotation 
of the specimen at the midpoint of the zero beam 
impression. Let k be the spot produced by the dif- 
fracted beam and kg its perpendicular distance from 
ge. Let a plane be erected tangent to the cylindrical- 
shaped film at the point e. The plane cutting the 
cylinder at ge will intersect this tangent plane along 
g'e. The spot k will appear at k’, at a distance k’g’ 
from this intersection, and the angle k’eg’ will be the 
azimuthal angle a’. The angle k’de, or kde, is the 
angle between the primary and the reflected beams, 


Fig. 80. Principle of the Stationary-cecillating 
Film Method 


which is usually designated as 2 0: twice the angle 
of incidence of the x-ray beam. The angle k’dg’, or 
kdg, will be designated as x. This angle must have 
the same value on both the rotating and the sta- 
tionary films, although the length of the line k’g’ 
will be less than kg owing to the shorter radius of 
curvature of the film a as compared with b (Fig. 80). 
It can be easily shown that the angles 2 0, ¢:, and x 
are related by the equation 


cos 2 0=cos x cos ¢; (86) 


For purposes of solving the films obtained by this 
method by means of the stereographic projection the 
angle œ must be determined. From consideration of 
Fig. 81, it is seen that 


tan a’= kg (87) 
g'e 
tan ¢,= = (88) 
‘ot 
and tan x -"8 (89) 
£ 
But ds (90) 
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Substituting this value in Equation (89) 
k’g' cos ġı 
tan x = ——————— 91 
x Ep (91) 


Rearranging terms and making the substitution of g’e 
as given by Equation (88) . 


uras tan x _tanx 
cos ¢, tan ġı sind, 


It is seen that this is also the value of a. 

The determination of the orientation of a single 
crystal by means of the stationary-oscillating film 
method requires a knowledge of the angles 2 6, ¢,, 
$z, and æ. From inspection of Fig. 81, it is seen that 


(92) 


ge kg kg 
de $1 de nx (93) 
Fig. 81. Determining the Position of a Spot on the 
Stationary Film 
while for the rotating film, 

£202 kg: 
—— = ġa, —— =tan x 94 
dze, dze, ( ) 


But the other angles involved are difficult of direct 
measurement and calculation is tedious. It is better 
to read these angles from the films directly by means 
of charts. On the apparatus actually used, the sta- 
tionary film was curved about a radius of 81 mm., 
the radius of the rotating film being 68 mm. Of the 
necessary angles, 20, ġı, and q@ are obtained from 
the stationary film, ¢: from the rotating film. Ustng 
the proper value of the radius, it is possible to cal- 
culate the value of ¢1, ¢2, and x from Equations (93) 
and (94), and of @ and 2 6 from Equations (92) and 
(86) respectively. Figs. 82, 83, and 84 show plots of 
the various combinations of angles needed in reading 
the films for every 5 deg.; Fig. 82 showing ¢,, œ and 
x; Fig. 83 showing ¢., and x, and Fig. 84 showing 2 6 
and x. It is very convenient when reading films to 
use tracings of these charts on transparent paper, 
over which the film can be laid, and under which a 
source of illumination can be placed. 

While the values of x are not used in solving sta- 
tionary-oscillating photographs, it is nevertheless 
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desirable to list these values for the different spots 
as read off from the films. Some of the spots may be 
of such characteristic appearance on the two films 
that there can be no doubt concerning the spots 
produced by the same plane reflection. Yet the shapes 
of the spots produced by the same reflection may be 
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Fig. 82. Plot of the Angles ¢,, a, x 
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quite different on the two films. In cases like this, 
in which doubt may exist as to the manner in which 
the spots should be paired, the x values of the spots 
may be conveniently used. If the spots on the two 
films have the same value of x, they may have been 
produced by reflection from the same plane, other- 
wise they certainly were not. In the latter case, the 
recorded pairing of the spots must be changed until 
a match is secured. 
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Method of Reading the Films 

The films obtained from an exposure of a single- 
crystal sample of silicon steel are reproduced in Fig. 85. 
Fig. 85A shows the stationary film pattern, while the 
pattern of the oscillating film is reproduced in Fig. 
85B. Molybdenum Ka radiation was used. The lattice 
of iron is of the body-centered cubic type. The solution 
of the films in Fig. 85 for the orientation of the ele- 
mentary cubes in the strip specimen involves the 
determination of five quantities: 

(1). The indices of the planes corresponding to the 

spots on the films. 
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Fig. 84. Plot of the Angles 20, x 


(2). The location of these planes at the moment 

their spots were produced. 

(3). Theamount of rotation of the specimen at the 

time each spot was produced. 

(4). The location of these planes before any rota- 

tion had been experienced by the specimen. 

(5). Finally, the orientation of the unit cube cor- 

responding to these locations. 

The indices of the planes corresponding to the 
spots on the films are determined from the values of 
2 0 for each spot on the stationary film. In Fig. 85A, 
the image made by the rotating specimen in the zero 
beam impression on the stationary film is seen at the 
bottom of the print. To obtain the values of 29, 
the chart in Fig. 84 is laid over the film so that the 
lower O coincides in position with the center of this 
image and the bottom line of the chart coincides 
with the direction of the zero beam impression on the 
film. The O-O line now corresponds to the line ge of 
Fig. S1. The values of 26 for the separate spots are 
recorded in column 2 of a table (Table XX XIV). From 
the known lattice structure of the specimen the inter- 
planar distances and the angles of reflection from 
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the different planes can be calculated. 0% From the 
values of 0 the values of 2 0 can be obtained. For 
iron, the results of such a calculation are shown in 
Table XXXV. By reference to this table, the planes 
corresponding to the different spots of the stationary 
film can be tabulated in column 3 (Table XXXIV). 

To ascertain the location of the atomic planes 
producing reflection at the instant of reflection, it is 
necessary to determine accurately the position of 
the spots on the films. This involves the determina- 
tion of the angles ¢: and œ corresponding to each 


A 


Fig. 85. Pattern of Silicon Steel Sample Obtained by the 
Stationary -oscillating Film Method 


spot. For this purpose, the chart in Fig. 82 is laid 
over the stationary film in exactly the same position 
as that previously occupied by the chart in Fig. 84. 
The vertical distances now yield the values of ¢ı 
for the different spots, and the values of œ may also 
be obtained from the appropriate curves shown on the 
chart. These angles are recorded in columns 4 and 5 
of Table XXXIV respectively. Finally, to assist in 
properly pairing these spots with their reflections on 
the oscillating film, the values of x for each spot are 
also recorded as in column 6. It will be noticed that, 
from the shape of the curves, the value of ¢, for any 
particular spot will be identical with its 2 0 value 
if the spot is not far removed from the O-O line 
of the chart, otherwise the ¢; value will be somewhat 
less. The value of @ for any spot will always be some- 
what numerically larger than the value of x for the 
same spot. Angles measured to the left of the O-O 
line are given the negative sign. Comparison of the 
readings of the angles for the spots in this manner will 
often prove of value in preventing errors. 

The third step in the complete solution, the deter- 
mination of the amount of rotation of the specimen 


(1@)See for instance Davey, GENERAL ELECTRIC Review 28, 592 (1925). 
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at the time each plane reflection was produced, 
depends upon the pattern recorded on the oscillating 
film. The chart in Fig. 83 is laid over this film so that 
the O-O line and the bottom line of the chart bear 
the same relation to the zero beam impression as 
existed with the charts previously used on the sta- 
tionary film. The angles ġġ and x corresponding to 
each spot are now read and perhaps best written 
down on some scrap paper. The spots may now be 
paired off with the spots previously listed from obser- 
vation of the stationary film bycomparing the different 


TABLE XXXIV 


Readings of the Spots in the X-ray Diffraction Pattern of 
Silicon Steel of Fig. 85 


COLUMN 

| 2 3 4 | 5| 6: 7 | 8 | 9 | 10 

, l Stationary Film | Rotating Film 
a S Deg. Deg. Deg Deg. Deg. Deg. | Deg. 

ee |__—. Bettini pantatie 

1 . 39 110: 38| 12 8| 31 9 8 | 20 
2 61 100 61 13 12 42 13 19 30 
3 66 | 210) 65; —5 |] —4' 38 | —4 27 33 
4 50 | 111: 51 | —5 | —4 | 46 | —5 5 25 
5 45 : 310 | 44 |—12 | —8 | 24 | -7 20 22 
6 28 100 25 |—27 |—12 | Not visible 


TABLE XXXV 
Interplanar Distances and Angles of X-ray Diffraction 


for Iron 
: tl esha | 6 26 
Plane Angstrom Deg Deg. 
nits 
110 2.03 10.0 20.0 
100 1.43 14.4 28.8 
211 1.17 17.7 35.4 
110 (2) 1.01 20.6 41.2 
310 0.905 23.1 46.2 
111 0.825 25.7 51.4 
321 0.764 28.0 56.0 
100 (2) 0.715 29.8 59.7 
411 
tots ; 0.675 31.8 63.7 
210 0.638 34.0 68.0 
332 0.610 35.6 71.3 
211 (2) 0.584 37.7 75.3 


values of x as tabulated, and also by examining the 
films themselves for similarity of appearance of 
certain spots. In the films in Fig. 85, the x values 
were particularly useful, since they show that the 
order of spots 3 and 4 is reversed on the rotating 
film, and spot 6 can not be seen. Close inspection 
of the oscillating film with a bright light showed that 
this spot was only very slightly removed from the 
zero beam, so that its position could not be accurately 
determined. After the spots have been satisfactorily 
paired, the ¢2 and x values obtained from the oscil- 
lating film may be entered in the table as shown in 
columns 7 and 8 of Table XXXIV. From the tab- 
ulated values of ¢: and œ: for each spot, the angle @ 
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through which the specimen had been rotated at the 
time the spot was produced may be easily obtained by 
Equation (85). These values are recorded in column 
9. The table is completed by tabulating the values 
of @ in column 10 for later use. 

The determination of the position of the planes 
before any rotation had been experienced by the 
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Fig. 87. Rotation Net 


specimen is best made graphically. Of the devices 
which have been tried, the most satisfactory has 
proved to be the stereographic rotation net. 


The Stereographic Rotation Net and Its Use 

In Fig. 86, let NOPQ be a projection plane, tangent 
at the point F to a sphere of radius AF drawn about 
the point A as acenter. Let AD be the perpendicular 
to some atomic plane in a crystal at A, which inter- 
sects the plane of projection at D, and the sphere at 
E. Let BC be an axis of rotation passing through A 
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parallel to the plane of projection and let RFS bea 
plane perpendicular to BS passing through A. Then 
the position of the plane perpendicular AD at any 
instant may be defined by specifying the angles 8 
and y measured respectively perpendicular to the 
plane RFS and from the radius AF in this plane. 
Let the initial value of the latter angle be 0. 

If the crystal is now caused to rotate about the 
axis BC, the angle 8 remains constant. Consequently, 
the path of the point E on the surface of the sphere 
is small circle JEK, and after a rotation through the 
angle y, the point E will occupy the position G. But 
the path of the point D on the plane of projection 
will be the hyperbola LDM, and after a rotation of 
y, the point D will lie at H. All points having equal 
values of y, however, will lie along the great circle 


PLANE OF 
PROJECTION 


Fig. 88. Relation Between a Point P and Its 
Stereographic Projection P’ 


CGB, the corresponding points on the plane of pro- 
jection will lie along straight lines parallel to TU. 
Let distances on the plane of projection parallel to 
the line TU be designated as ¢, and those perpen- 
dicular to the line TU be designated as &. Then for 
the purpose of calculating the position of the point 
D after the crystal has been rotated through an 
angle y, use may be made of the following equations 
due to Smith: (6) 


g=AF tany (95) 


¢=AF tan B sec y (96) 
By calculating the values of ¢ and & for 5 deg. inter- 
vals of both 8 and y, the net shown in Fig. 87 may 
be plotted. Because of the fact that this net shows 
the paths followed by the points of equal $ as the 
specimen is turned through an angle y, it will be 
called a rotation net. This net is similar in form to 
the gnomonic rotation net of Wyckoff. 6» 

The relation existing between the distance OP 
of the point P from the origin of codrdinates O and 
the stereographic projection OP’ of that distance 
is shown in Fig. SS. By geometry, 


OP=Vi+e 


4G, F. H. Smith, 7.f. Krist, 82, 142 (1904). 
OR., W. G. Wyckoff, ‘The Structure of Crystals’ (Chem. Cat. C . 
1924), 135. 


A STUDY OF CRYSTAL STRUCTURE AND ITS APPLICATIONS 


Let the distance OP’ be designed as 7. Draw the line 
S perpendicular to OV as shown. Let the distance of 
the intersection of S and OV from the center of the 
circle be denoted by T. Let R be the radius of the 
circle. Then by inspection it is seen that 


(97) 


x 
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arcs represent the paths followed by the stereographic 
projections of the intersections of the plane per- 
pendiculars with the plane of projection. 

By the use of this net, the positions of the plane 
perpendiculars corresponding to the different spots 
on the stationary fim may be plotted. These per- 
pendiculars may then be rotated into the positions 
which they occupied before the specimen had experi- 
enced any rotation. On a sheet of paper a circle is 


J 
Hj 


— 


Fig. 89. Stereographic Rotation Net 


where u and p have the significance shown in Fig. 88. 
But 


S R sin y sin 4 
tan p= ———- = —— 
R+TR R+Rcospm 1+cos p 
or 
(aR (98) 
1+ cos y 


By the use of the values of ¢ and ¢ calculated for the 
points of the rotation net, and from Equations (97) 
and (98) the corresponding points of the stereo- 
graphic rotation net may be easily plotted. The value 
of R may be conveniently taken as 5 cm. The stereo- 
graphic rotation net calculated from the rotation 
net in Fig. 87 is shown in Fig. 89. In this net, if AB 
coincides in direction with the axis of rotation, the 


drawn with the same diameter as that of the stereo- 
graphic rotation net. A diameter is drawn through 
the circle representing the line ge in Fig. 81. This is 
represented by CD, Fig. 90. Radii are drawn forming 
the angles a (Table XXXIV) with this diameter. Since 
the positions of the plane perpendiculars are to be plot- 
ted, the complements of the 0 angles (column 10. 
Table XXXIV) are to be laid off along the appropriate 
radii from the center of the projection net. This is 
most easily done by plotting the values of 6 along 
these radii starting from the circumference of the 
net. These values may be easily obtained by dividers 
along either of the lines AB or CD in Fig. 89. These 
plots are shown by the black circles in Fig. 90. 
These spots represent the stereographic projections 
of the plane perpendiculars at the time when their 
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reflections were produced. Ordinarily, no two reflec- 
tions are produced with the crystal in the same posi- 
tion. The plot of points is now placed over the stereo- 
graphic rotation net so that the diameter AB coin- 
cides in direction with the axis of rotation (AB in this 
case), and the spots are moved along their appro- 
priate arcs through the angles @ (Table XXXIV). 
The new locations thus obtained are shown by the 
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the stereographic rotation net is placed over the 
plot in Fig. 90, so that the centers coincide. The 
rotation net is turned until the triangle plots of these 
plane perpendiculars lie on the same great circle. 
The axis of rotation is now situated at A’B’. By a 
30-deg. rotation about this axis, the plots of the 110, 
210, and 310 plane perpendiculars may be brought 
into the 90 deg. circle corresponding to their position 


Fig 30 


triangles in Fig 90. They represent the stereo- 
graphic projections of the intersections of the plane 
diameters with the plane of projection before the 
specimen under investigation had experienced any 
rotation. 


The Use of the Standard Stereographic Projection 

To complete the solution by determining the 
orientation of the unit prism which will account for 
the initial positions of the plane perpendiculars now 
obtained, the positions of the spots must be made 
to agree with the position of the same spots on some 
standard stereographic projection for the particular 
material of the sample. Such a projection is shown 
in Fig. 91 for a cubic material such as steel. On this 
standard projection the perpendiculars of the planes 
110, 210, 310 appear on the 90 deg. circle. Accordingly, 


Obtaining the Orientation of the Unit Cube in the Silicon Steel 
Svecimen from the Pattern in Fig. 85 


on the standard stereographic projection, as shown 
by the squares in Fig. 90. From the standard projec- 
tion, the position of the 100 perpendiculars may be 
plotted as shown by the circumscribed squares in 
Fig. 90. The positions occupied by these perpen- 
diculars before the specimen had experienced any 
rotation may now be found by reversing the previous 
30 deg. rotation about A’B’ by means of the stereo- 
graphic rotation net, bringing these perpendiculars 
into the positions shown by the circumscribed tri- 
angles in Fig. 90. By measuring the distance from 
the circumference of the projection to these last plots 
along their radii, the original angle of incidence of 
the x-ray beam with the cube faces may be ob- 
tained as described above. The values of these angles 
are shown on the plot beside the appropriate 
perpendiculars. 


A STUDY OF CRYSTAL STRUCTURE AND ITS APPLICATIONS 


A construction showing the orientation of the unit 
cube of iron in the specimen follows at once, if it is 
remembered that in the cubic system, the plane 
perpendiculars are the cube edges. The orientation 
of the cube so obtained is shown in Fig. 92. The 
angles of incidence of the x-ray beam with these 
planes while the specimen was in its initial position 


2/6 


310 


Fig. 91. 


are shown in the appropriate faces. The direction 
of the x-ray beam is perpendicular to the plane of 
the paper. 
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Fig. 92. Orientation of the Unit Cube of Silicon Steel 
from the Pattern in Fig. 85 


400 
Standard Stereographic Projection of Cubic Lattice 
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In the rotation of the plot in Fig. 90, it was found 
impossible to reconcile the positions of the plots of 
the 100 and the 111 perpendiculars with the standard 
projection. These reflections on the films appear 
weaker than the others and are not as sharply de- 
fined. They are therefore caused by “included crys- 
tals” imbedded in the single crystal of silicon steel 


joo 


used to illustrate the method. Such a crystal was 
found on subsequent examination of the specimen 
in the area grazed by the x-ray beam. Single crystals 
of a metal grown by any method which involves 
straining and subsequent annealing are apt to con- 
tain these included crystals which will produce 
anamolous reflections. A great advantage of the 
method of solution of the photographs which has been 
described is that it makes possible the definite selec- 
tion of the reflections caused by the major crystal, 
and the exclusion of all others. Should the orientation 
of these subordinate crystals be desired, however, it 
may be obtained by the same process as was employed 
in determining the orientation of the major crystal. 


(To be continued) 
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Virginia Electric and Power Co. Winner of the 
Charles A. Coffin Award for 1927 


How an electric street railway company in Virginia 
transformed its patrons from a state of hostility to 
one of friendship, increased earnings and raised wages, 
was revealed when the Charles A. Coffin gold medal 
was awarded to the Virginia Electric and Power Com- 
pany during the annual convention of the American 
Electric Railway Association at Cleveland, on Sep- 
tember 25th. The award was made by R. P. Stevens, 
president of the association and chairman of the 
Coffin prize committee. It was received in behalf of 
the railway company by President William E. Wood. 
In addition to the medal, a check for $1000 was 
given to the treasury of the employees’ benefit 
association. 

This is the sixth year in which the Coffin medal 
and cash award have been presented under the terms 
of the Charles A. Coffin Foundation, established in 
1922 by the General Electric Company as a per- 
petual memorial to its founder and first president. 
Awards are also made each year to an electric light 
and power company, to graduates of technical col- 
leges, and to employees of the General Electric Com- 
pany. The award to electric railway companies has 
been competed for, in the six years since the Founda- 
tion was created, by 48 different companies. 

Three years ago, the public of Richmond, Norfolk, 
Portsmouth and Petersburg, the principal communi- 
ties served by the Virginia Electric and Power Com- 
pany, was extremely bitter toward that company. 
The company’s physical property was deteriorating; 
renewals of franchises could not be obtained; and on 
every hand there were criticism and condemnation. 


Then came a change of attitude on the part of the 
company, which started in to build a well-founded 
public confidence and respect. It began by modern- 
izing its rolling stock and providing new track facili- 
ties. The response from the public was so generous 
as to be a revelation. 

An intensive plan of employee training was then un- 
dertaken. Many methods of giving better service were 
adopted, with special attention to the safety of both 
employees and public. In 1927 the number of riders. 
was 102,000,000, compared with 98,000,000 in 1926. 

Operating costs were reduced 1.77 per cent, al- 
though mileage was increased 2.06 per cent. Gross. 
earnings were augmented 6.30 per cent. The speed 
of cars was increased, and economies of various sorts. 
were introduced. l 

As public friendliness increased, millions of dollars. 
of stock was sold to customers in various offerings at 
low sale cost. The time finally came, during the last. 
year, when there was no controversy or litigation with 
any community or state body. Newspapers com-. 
mented editorially in complimentary words; city 
officials and civic leaders wrote commendatory letters ;. 
and coöperation is now the rule all along the line. 

Previous railway awards were made to the follow-. 
ing companies: 

1922—Chicago, North Shore & Milwaukee Rail- 

road Company 

1923—Northern Texas Traction Company 

1924—Pittsburgh Railways Company 

1925—Pennsylvania-Ohio Electric Company 
1926—Grand Rapids Railroad Company 


Seventh National Exhibition of Power and 
Mechanical Engineering 


The National Exhibition of Power and Mechanical 
Engineering will be held this year from December 
3rd to December 8th at the Grand Central Palace, 
New York City. 

All four floors will again this year be occupied by 
booths displaying the many and various types of 
equipment apparatus and supplies that have made 
our age known as “The Mechanical Age.” 

Keen competition for the markets of the world 
dictate the absolute necessity for providing our 
industries throughout the country with the most eco- 
nomical and efficient methods of power production. 

Not only the production of power, but, also, the 
control and distribution of power are all-important 
factors in our industrial life, and all those who are 


responsible for our commercial preéminences find it. 
exceedingly hard to keep abreast of our fast-moving 
times. They must be ever alert to know the latest. 
developments in both the electrical and mechanical 
world. To such—Engineers and Executives alike— 
these exhibitions form a wonderful medium for the 
acquisition of knowledge and the exchange of ideas. 

That the value of these exhibitions is realized 1s 
evident by the fact that the registered attendance has. 
grown from a few hundred to over twenty-five 
thousand; the general attendance at previous exhibi- 
tions has been as high as one hundred thousand in 
one week. 

We wish the Seventh Annual Exhibition every- 
SUCCESS. 


Antennae 
Effect of the Antenna in Tuning Radio Receivers and 


Methods of Compensation forIt. Sylvan Harris. 
Inst. Radto Engrs. Proc., Aug., 1928; v. 16, pp. 1079-1088. 


Arc Welding 


Electronic Tornado Principle of Welding. J. F. Lincoln. 
Am. Weld. Soc. Jour., fuis 1928; v. 7, pp. 48-51. 


Bearings 
Investigation of the Performance of Waste-Packed Arma- 
ture Bearings. G. B. Karelitz. 
A.S.M.E. Trans. (APM), Jan.-Apr., 1928; v. 50, Paper 
No. 1, pp. 1-10. 


Circuit Breakers 
High-Speed Circuit Breaker in Service on the Illinois 
Central Railroad. W. P. Monroe and R. M. Allen. 
A.I.E.E. Jour., Aug., 1928; v. 47, pp. 571-5785. 


Commutators 
How Motor Service Dictates Commutator Assembly. 
Jesse M. Zimmerman. 
Ind. Engng., Aug., 1928; v. 86, pp. 410-414. 


Condensers, Steam 
Condenser Leakage; Its Detection and Effect on Boiler 
Water Concentrations. W. C. Carmichael. 
Power, Aug. 14, 1928; v. 68, pp. 267-270. 


Electric Cables 
Residual Air and Moisture in Impregnated Paper Insula- 
tion—II. B. Whitehead and others. 
A.I.E.E. Jour., Aug., 1928; v. 47, pp. 565-566. 
(Abridgment.) 


Electric Control Systems 


Control Starts Machines in Proper Sequence. J. J. 
Steinke. 
Power, July 31, 1928; v. 68, pp. 200-201. 
Invisible Relay in Vari-Time Control. L. A. Watson 


and others. 
Iron & St. Engr., July, 1928; v. 5, pp. 323-326. 
(Illustrated description of a steel mill control system.) 


Electric Distribution 
Common-Neutral Network. M. T. Crawford. 
Elec. Wid., July 28, 1928; v. 92, pp. 157-158. 
(Explains a distribution system of the Puget Sound 
Power & Light Co. which embodies a common 
neutral.) 


Electric Drive—Mining 
Use of Electric Power in Iron Mining. A. C. Butterworth. 
Mech. Engng., Sept., 1928; v. 50, pp. 670-675. 
(Its development and possibilities ın the Lake Superior 
district.) 


Electric Drive—Pumps 


Submerged Motor Pumps. H. Sauveur. 
Engng. Prog., July, 1928; v. 9, pp. 191-194. 


Electric Drive—Steel Mills 


Electric Control Enables Continuous 
T. J. Flaherty and A. F. Kenyon. 
Elec. Wid., July 21, 1928; v. 92, pp. 103-107. 
(Illustrated account of the electrification of the 
oo Ky., plant of the American Rolling Mill 
oO. 


Steel Mill Drives Made Flexible by Speed Control Sys- 
tems. L. A. Norris. 
Iron Tr. Rev., Aug. 9, 1928; v. 83, pp. 321-323, 326. 


Sheet Rolling. 
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Condensed references to some of the more important recent 
articles in the technical press, and to new books of interest to 
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Electric Motors, Synchronous 
Design and Peon of Two-pole Synchronous Motors. 
D. W. McLenegan and Ivan H. Summers. 
A.I.E.E. Jour., Aug., 1928; v. 47, pp. 585-590. 
(Abridged.) 


Electric Welding 


Study in Welded Plate Girders. Frank P. McKibben. 
Am. Weld. Soc. Jour., July, 1928; v. 7, pp. 13-21. 


Electro-Culture 
Electric Heat in the Garden. R. Borlase Matthews. 
Elec. Rev., Aug. 10, 1928; v. 103, ' pP; 229-231. 
(Electrical heating of the soil is described.) 


Hydroelectric Development 
Rocky River Hydroelectric Development of the Connec- 
ticut Light and Power a E. J. Amberg. 
A.I.E.E. Jour., Aug., 1928; v. 47, pp. 567-571. 
(Abridgment. ) 


Insulating Oils— Testing 
Insulating Oils for High-Voltage Cables. T. N. Riley 
and T. R. Scott. 
I.E.E. Jour., Aug., 1928; v. 66, pp. 805-840. 
(Includes a bibliography of 71 references. ) 


Insulation— Testing 
Make Insulation Resistance Tests. H. E. Stafford. 
Power, Aug. 7, 1928; v. 68, pp. 238-240. 
(On practical methods of testing insulation of ma- 
chines.) 


Lightning Arresters 
Lightning Arrester Problems; New Light from Klydono- 
graph Studies. A. L. Atherton. 
A.I.E.E. Jour., Aug., 1928; v. 47, pp. 591-594. 


Load Dispatching 
TRR Load Dispatcher Board. W. S. Cronin and A. J. 
avis. 
Elec. Wid., Aug. 4, 1928; v. 92, p. 213. 
(Short description of a board used by the Indianapolis 
Power & Light Co.) 


Magnetic Properties—Testing 
Effect of Methods of Demagnetization on. the Energy 
Required to Magnetize Steel. John D. Ball. 
Franklin Inst. Jour., Aug., 1928; v. 206, pp. 181-200. 


Piezo-electricity 
Some Practical Applications of Quartz Resonators. 
N. Cobbold and A. E. Underdown. 
I.E.E. Jour., Aug., 1928; v. 66, pp. 855-871. 


G. W. 


Prime Movers 
Development of the Steam Prime Mover from Hero to 
mmet. David O. Woodbury. 
Elec. Lt. Pr., Aug., 1928; v. 6, pp. 22-25, 107-109 


Pulverized Coal Engines 
Coal-Dust Engine Upsets Traditions. R. Pavolikowski. 
Power, July 24, 1928; v. 68, pp. 136-138. 
(Illustrated description of a German internal com- 
bustion engine burning pulverized coal. Includes 
some performance figures.) 


Radio Direction-Finding 
Rotating Radio Beacon. 
Engng., Aug. 3, 1928; v. 126, pp. 130-131. 
(Discusses Radio Research Special Report No. 6, 
rear of Scientific and Industrial Research, Eng- 
land 


624 November, 1928 


Radio Engineering—Crystals 


Quartz Plates, Air Gap Effect, and Audio-Frequency 
Generation. August Hund. 
Inst. Radio Engrs. Proc., Aug., 1928; v. 16, pp. 1072-1076. 


Radio Engineering—Power Supply 


Development of a System of Line Power for Radio. 
George B. Crouse. 
Inst. Radio Engrs. Proc., Aug., 1928; v. 16, pp. 1133-1148. 


Radio Engineering—Reception—Interference 


Cause ane Prevention of Hum in Receiving Tubes Em- 
pane SEE Current Direct on the Filament. 

Fi Kimmel] 
Inst. Radio Engrs. Proc., Aug., 1928; v. 16, pp. 1089-1106, 


Correcting Radio Interference. G. W. Shaver. 
c. Rwy. Jour., Aug. 4, 1928; v. 72, pp. 193-194. 
(Methods used by the San Diego Electric Railway 
for locating and correcting interference.) 


Study of Signal Fading. E. V. Appleton. 
I.E.E. Jour., Aug., 1928; v. 66, pp. 872-885. 
(‘An account of the work of Peterborough Radio 
Research Station of the Department of Scientific 
and Industrial Research.’’) 


Railroads, Electric 
What Are You Doing to Meet Competition? E. P. Waller. 
Elec. Rwy. Jour., Aug. 11, 1928; v. 72, pp. 223-224. 
(Discusses questions of obsolescence of electric railway 
equipment.) 


Railroads— Electrification 


Water Power a Factor in the Electrification of Swiss 
Railways. Kent T. Healy. 
Elec. Rwy. Jour., Aug. 4, 1928; v. 72, pp. 176-181. 
(Illustrated description of equipment and methods 
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Ship Propulsion, Electric 


Propulsion of Ships by Electricity. S. B. Jackson. 
I.E.E. Jour., Aug., 1928; v. 66, pp. 898-899. 
(Abstract of a paper read before the North-Eastern 
Students’ Section.) 


Substations 


New Features Embodied in Century Receiving Substation. 
C. P. Garman. 
Elec. Wid., Aug. 4, 1928; v. 92, pp. 209-213. 
(Illustrated description of a substation of the Bureau 
of Power & Light, Los Angeles.) 


Substations, Automatic 


Favors Supervisory Control for Substations. 
Sutherland. 
Elec. Wid., Aug. 11, 1928; v. 92, pp. 251-255. 
(All recent stations of Toronto Hydroelectric System 
are equipped with supervisory control.) 


W. F. 


Switches and Switchgear 


Contact Resistance of Electric Switching Apparatus. 
W. Schaelchlin. 
Elec. Jour., Aug., 1928; v. 25, pp. 386-391. 


Transient Phenomena 


Effect of Transient Phenomena on the Design and Selec- 
Boe of Alternating Current Equipment. E.G. Mer- 
rick. 

Iron & St. Engr., July, 1928; v. 5, pp. 316-323. 


Voltmeters 


Thermionic Voltmeter for Measuring the Peak Value and 
the Mean Value of an Alternating Voltage of Any 
Wave-Form. E. B. Moullin. 


used.) I.E.E. Jour., Aug., 1928; v. 66, pp. 886-895. 
NEW BOOKS 
(These and other Technical Books may be purchased through the Circulation Dept. of the GENERAL ELECTRIC REVIEW) 
Analytic Geometry. R. L. Borger. 334 pp., 1928, N. Y., Outlines of Public Utility Economics. Martin G. Glaeser 


McGraw-Hill Book Co., Inc. 


Business Cycles, the Problem and Its Setting. Wesley C. 
Mitchell. 489 pp., 1928, N. Y., Nat. Bur. Economic 
Research. 


Code for Electricity Meters. Ed. 3. 


Nat. Elec. Lt. Assoc. 


Elements of Industrial Engineering. 
541 pp., 1928, Bost., Ginn & Co. 


Elements of Physics. A. Wilmer Duff and Henry T. Weed. 
565 pp., 1928, N. Y., Longmans, Green & Co. 


Industrial Management. Ed. 2. Richard H. Lansburgh. 509 
pp., 1928, N.Y., John Wiley & Sons. 


Lineman’s Handbook. Edwin Kurtz. 
McGraw-Hill Book Co., Inc. 


A Text Book for a Short Course, 
1928, N. Y., John Wiley & Sons, 


Mechanics for Engineers; Statistics and Kinetics. Julian C. 
Smallwood and Frank Kouwenhoven. 185 pp., 1928, 
N. Y., D. Van Nostrand Co., Inc. 

(“The authors claim nothing new except an arrangement 
and a selection of material, a combination of problems 
with text for the exercise of the best pedagogy, and an 
emphasis upon subject important to engineering 
students with corresponding omission or reduction of 
the less important ones.” The above quotation from 
the Preface aptly characterizes this short text for 
engineering students. Numerous problems are inter- 
spersed throughout the text so that the student may 
apply the principles set forth and thereby obtain a 
working knowledge of the subject.) 


122 pp., 1928, N. Y., 


George H. Shepard. 


547 pp., 1928, N. Y., 


Mechanical Engineering. 
W. A. Mitchell. 402 pp., 


Modern Picture Theater Electrical Equipment and Pro- 
jection. Ed. 2. R. V. Johnson. 189 pp., 1927, Lond., 
Crosby Lockwood & Son. 


847 pp., 1927, N.Y., Macmillan Co. 


Physics of Crystals. Abram F. Joffe. 
McGraw-Hill Book Co., Inc. 


Practical Television. E. T. Larner. 175 pp., 
D. Van Nostrand Co., Inc. 

(In a Foreword by John L. Baird, himself an experi- 
menter and inventor in the field of television, we are 
told that this book ‘‘deals very fully with the funda- 
mental principles from which Television was developed, 
and deals with them in such a way as to interest the 
general reader without departing from strict scientific 
accuracy.” An enumeration of the ten chapter head- 
ings gives a fair conception of the scope of the volume: 
“Introductory,” ‘‘Historical,’’ ‘Selenium and the 
Selenium Cell,” ‘‘Photo-electricity and the Photo- 
electric Cell,” ‘‘Continental and American Researches,” 
‘Researches with the Cathode-rays,’’ “Images and 
Their Formation,” ‘‘The Baird Televisor,” ‘‘Tele- 
vision Technique,” and ‘‘Recent Developments.”’) 


296 pp., 1928, N.Y., 


198 pp., 1928, N. Y., 


1928, N. Y., 


Principles of Mechanism. F. Dyson. 
Oxford Univ. Press. 


Radio; A Study of First Principles. Elmer E. Burns. 255 pp., 
1928, N. Y., D. Van Nostrand Co., Inc 
(An elementary text in which there is made ‘‘an attempt 
to present, simply and clearly, the fundamental 
principles of electricity as applied in radio.” The 
author hopes “that the book may be of use to radio 
experimenters who are looking for a simple exposition 
of radio theory and to those who are well along in 
experimental work and wish to review the funda- 
mentals.” The principles of direct currents and of 
high and low frequency alternating currents are 
presented. The explanations of the electrical phe- 
nomena involved are based on the electron theory as 
being in accordance with latest conceptions. The 
mathematical formulae employed are of the simplest 
nature.) 
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LARGE CONVERTERS STEADFASTLY CONTRIBUTE TO INDUSTRY 


and in the earlier part of this period—during years demanding 


cent was maintained. A presentation of factors largely affecting such continuity of service is found on p. 635 


zinc reduction for twelve years 


Five of the nine converters in this group have been operating in electrolytic 


peak load—a service-factor of 99 per 
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CREATION 


In this issue, we publish an article by Dr. W. R. 
Whitney, the opening sentence of which reads: 
“Scientific research, in its various fields, develops in 
one who watches it an ever increasing appreciation of 
Creation.” We take this sentence as the text for our 
present editorial. 

If we were asked to write a story of Creation we 
should be tempted to commit an act of plagiarism, 
and just copy the first chapter of Genesis and possibly 
add the first three verses of the second chapter. 
We should feel quite sure that no better account ever 
has been, ever will be, or ever could be written. 

Unless this story is true we know absolutely nothing 
about the act of Creation; we know no more about the 
beginning of “things” than we do about the ending of 
“things.” But how can we know anything? In the 
infinite universe, our own little universe, although 
of such stupendous proportions to us, is but a little 
dot, our own solar system a tiny speck, our habita- 
tion, the earth, a microscopic grain, and we, as 
Bertrand Russell puts it, ‘‘tiny lumps of impure car- 
bon and water of complicated structure, with some- 
what unusual physical and chemical properties.”’ 

We are aware that this definition neglects the 
spiritual and intellectual side of man, but nevertheless 
with these facts in mind, we are only apostles of the 
obvious when we say that we know nothing of the 
act, or story, of Creation. But the very knowledge 
of our ignorance makes us both admire and respect 
our remote ancestors who penned so beautiful an alle- 
gory from the inspiration they attained in their own 
efforts to reach the truth. 

There is always an early morning twilight, or half 
light, before the dawn, and in the first rays of knowl- 
edge many laughed at this first story of Creation, 
but as the light of knowledge grows we find a new 
respect and a new love for it. 

It is easier to believe blindly than it is to think 
accurately, but believing, and controversy about 
beliefs, must have stimulated men to think. But now 
in the light of modern knowledge which, however, is 
still very meager compared with what there is to 
know, man must both believe and think differently 
from his ancestors. 

Since the days of those five great “Torch Bearers,” 
Nicolaus Copernicus (1473-1543), Tycho Brahe 
(1546-1601), Johann Kepler (1573-1630), Galileo 
Galilei (1564-1642), and Isaac Newton (1642-1727), 
we are living in a different world, so far as human 
knowledge goes. The first fruits of this new knowledge 
should have been to humble arrogant spirits, as the 
earth lost its proud position, assigned to it by man, as 
the center of all things, and was seen to be but a tiny 
microscopic grain in an indefinite universe. 

Before the days of the work and discoveries of these 
“Torch Bearers,” the earth was the center of the 
universe, and the sun, the moon, the planets, the 
stars, and the heavens themselves were all thought 
to have been created to dance attendance on our 
globe, and solely for the service of mankind. But since 
their work our knowledge has so increased that wise 


men have lost their arrogance, and with reverence, 
bow their heads and acknowledge frankly that finite 
man can, perhaps, never know the infinite Creator or 
Creative Power, who must be infinitely greater, 
infinitely wiser, infinitely more powerful, infinitely 
more wonderful, infinitely better than any man-like 
God, as we know man. In all probability we are 
absolutely wrong in applying human, limiting attri- 
butes to the Creative Power, but it must have been 
useful in the schoolroom days of man’s history when 
the foundations on which we have built our civiliza- 
tion were laid. 

We always like to remember with respect and 
affection those forerunners of the ‘‘Torch Bearers,”’ 
the old Babvlonian Shepherds, ‘‘who watched their 
flocks by night” and at the same time studied the 
stars, and were the first to find and name our planets, 
and called them “the wanderers.” They were the first 
observers, and observation is the father of inspiration 
and inspiration the father of knowledge. 

Knowledge advanced but slowly in those long ages 
between the days of our first observers, the shepherds, 
and the era of the “Torch Bearers,” but in the interval 
between Copernicus and Newton there came a change 
in the spirit of man’s dreams, which paved the wav for 
the still greater change which came about between 
the days of Newton and the present. 

Man now began to realize that it was better to 
think than to believe, and that his only chance of 
rising higher in the scale of existence, and of know- 
ledge, was to study the Works of the Creator, and by 
seeking, to learn as much as he could about the 
wonderful world he was living in, and, if possible, 
something about the universe of which his world 1s 
such a tiny speck. 

And it thus came about that the age of science 
was born. 

With the birth of science came that great conflict 
between those who wanted to learn the truth of 
Nature’s laws through research, and those who wanted 
to control the beliefs of man by dogma. And there 
followed prosecutions, persecutions, and crucifixions. 
But that is another story. ‘Where passion rules, how 
weak does reason prove!” 

But finally out of the confusion grew the age of 
inquiry when many men gave up the struggle of 
certifying the unknowable, and devoted their !:ves to 
putting questions to Nature and trying to get :nswers 
that would enable them to turn the res-i:rces of 
Nature to the service of man, so that they could live 
securer, better and more useful lives. 

Since then we have learned much, and the seemingly 
unknowable has often become the known, and more 
miracles are recorded now almost every day because 
of inquiring minds than were anticipated anywhere 
before in all the ages. 

We were not put into the world merely to believe. 
We were apparently put here to improve, to develop, 
to think, to work and to learn; one of the greatest 
blessings the Creator has given us in our schoolroom 
is the eternal question mark. The How? The Where? 
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The When? The Why? And little children seem to be 
almost the only ones that understand this. 


But Longfellow knew it when he wrote: 


“Not enjoyment, and not sorrow, 
Is our destined end or way; 

But to act, that each tomorrow 
Find us farther than today.” 


The Creator gave us the most wonderful textbooks 
if we will only learn how to use them. The Creator’s 
manuscripts are a million times more durable, instruc- 
tive, and interesting than any old papyri, parchments, 
or printed books. The rocks are some of the manu- 
= scripts of the Creator. Longfellow, who presided at 
Agassiz’s 50th birthday party, read on that occasion a 
poem he had written to commemorate the event, from 
which we quote two verses. 


“And Nature, the old Nurse, took 
The child upon her knee, 

Saying: Here is a story book 

Thy father has written for thee.” 


‘‘Come wander with me, she said, 
Into regions yet untrod; 

And read what is still unread 

In the manuscripts of God.” 


Indeed, the rocks are the manuscripts of the 
Creator. In them lie the history of the world, the 
history of the microbes, the history of the plants, the 
history of the animals, the history of man, the 
history of so many things, but not the history of 
Creation—the beginning of things. That has always 
had an eternal question mark against it. 

Lord Kelvin, then Sir William Thomson, in his 
presidential address before the British Association, in 
the vear 1871, suggested that the germ of life might 
have reached our planet on a meteorite, and we 
believe appointed a committee to examine every 
meterorite that fell to the earth to see if any signs of 
life could be found in them. But that would not have 
settled the question, as Tom Taylor so wittily said in 
Punch for August 12th of that same vear; from his 
poem, which was entitled ‘‘The Truth After Thom- 
son,” we take the following lines: 


“But say, whence on these meteors life began, 
By whose collision came the germs of man? 
Still hangs the veil across the searcher’s track, 
We have but thrust the mystery one stage back. 
Below the earth the elephant we've found 
Below him of the tortoise touched the ground; 
But what the tortoise bears? Dig as we will, 
Beneath us lies a deep unsounded still.” 


Science is only organized knowledge, and, as such, 
is the great antidote for the poison of superstitition 
and fear. Those that think that Science has dethroned 
God are mistaken. There shall ever be the unknow- 
able, but science has given us respect, veneration, 
love, and worship for the Creative Power. It has put 
the mainspring into modern life, where everv one of 
intelligence has an aim and object in living. It has 
given us the privilege and pleasure alike, of wanting to 
find out the Creator’s laws—which are the laws of 
Nature—the laws that govern the movement of the 
heavenly bodies, and everv act, and every motion of 
human beings, and everything that has life, and has 
not life in all the universe. 

We have only been on the right track for a very 
short time, but just consider what we have learned 
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from the Rocks alone since the days of ‘“‘Strata 
Smith, Charles Darwin, and Alfred Russell: 

The story of the evolution of the species, as un- 
folded by the study of the fossil-bearing rocks, has 
given us a reasonably perfect picture of the tree of 
life from the single-celled Protoza to the most compli- 
cated, highly organized, but still developing, “Supreme 
Mammal.” If we could once learn the story of how 
Nature first organized unorganized inert matter in 
the first single cell of life we possibly should have 
solved the problem of the origin of life. At present 
we can conceive of life only as coming from life. The 
origin of life is still a mvstery. We are, however, 
beginning to learn something of how the green leaf 
—that small, but most important factory in Nature’s 
extensive realm—through the catalytic action of its 
chlorophyl, is able to use the sun’s rays in the process 
of photosynthesis, and thus build up the carbon 
compounds, such as the starches and sugars, from 
air, water and salts. 

We believe that everything that has life, with the 
possible single exception of the bacteria, in the last 
analysis, depends upon the green leaf for food—and 
so, for life. 

If we give the reins to our imagination and let it 
run wild for a moment, we can picture in a period a 
few millions, or few hundred million years ago, before 
the first Protist (those single-celled entities that had 
not settled whether to become vegetable or animals) 
had appeared, a single cell—not quite a living cell— 
but almost a living cell—a partly organized cell— 
that in some unknown way manufactured the first 
green pigment on our earth. It (the green pigment) 
might have had chlorophvl, or something like chlor- 
ophyl, which made it possible for it to utilize the 
energy of the sun’s rays in breaking up the carbon 
dioxide, and thus building up in itself, the first spark 
of life on our earth—and the first speck of food for lite 
on our earth—because life must feed on life. What a 
story from the first organized single cell to man!!! 

We are constantly walking into new worlds; that is 
the joy of life. The Microbe Hunters opened up a new 
and astonishing world for us. William Dalton with his 
atomic theory in the last years of the 18th century 
opened up another world in the realm of chemistry. 
The telescope has opened up new worlds to us. Sir 
Joseph Thomson in the last year of the last century 
propounded his electron theory and thus opened up 
one of the most wonderful worlds of all. Each suces- 
sive new world we discover reveals more of the 
wonders of the Creator’s work, and makes our world a 
better and pleasanter place to live in. 

No form of society can be considered successful 
where the greater number are poor and miserable. 
Science is the greatest agent of democracy in the 
world. Scientists are not working to make the rich 
man richer and the poor man poorer. They are working 
so that the blessings that the Creator has given us can 
be more equally shared by all. And they are doing 1t. 

We feel that Dr. Whitney is right when he says 
“Scientific Research, in its various fields, develops in 
one who watches it an ever increasing appreciation of 
Creation.’’ So— 

“Let Knowledge grow from more to more 
But more of reverence in us dwell.” 


— Tennyson 
J. R. H. 
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velops in one who watches it an ever-increas- 

ing appreciation of Creation. All that men 
have done to make life seem happier or more in- 
teresting is merely to test new arrangements of old 
parts of the eternally-created whole. On top of this 
recognition grows the conviction that the process of 
improvement has been barely started. There is no 
sign of exhaustion of new, raw materials, nor of 
scientific and constructive principles. If there is any- 
where failure to continue the advance in general wel- 
fare, whether in a material or in a purely spiritual 
sense, it will certainly be due to inappreciation or 
lassitude on our part rather than any deficiency in 
the limitless possibilities of Nature. 

If we control our fears and taboos, as now seems 
possible through more educated inquisitiveness, we 
may look forward to interesting occupations provided 
for everyone, mechanical work everywhere, but only 
for machines, and perhaps permanent world peace. 


Q icc IFIC research, in its various fields, de- 


Babies Start Right 

As babies, we start right. The normal child begins 
life intensely inquisitive and appreciative. Whoever 
knew a healthy baby that did not taste everything 
it could get into its mouth? They seem to know that 
the world is particularly theirs to test and develop 
new tastes. Everyone has wondered how man learned 
that raw oysters were edible. Certainly an inquisitive 
baby showed him. Man never needed food seriously 
enough to investigate such things; they had to be dis- 
covered first and then found worthwhile. 

As children grow up we put counter pressure and 
control of all kinds upon their inquisitiveness. Elders 
find it easier to drown than direct the natural re- 
searches of youth and “‘safety first” gets to be a com- 
mon aim. 

I think there may be some truth in this picture 
to account for the limited ambitions and activities 
of maturity in a world which is replete with novelty. 
You may say, “Never in history has the rate of in- 
crease of knowledge and its utilization been so high 
as at present.” That is true, but even so the limita- 
tions are still in us rather than in our environment. 

Let us view for a moment what we shall arbitrarily 
call “Progress,” with reference to the scientific re- 
search which precedes it. I say arbitrarily because 
in this way we can shorten that discussion which 
inevitably arises when one asks whether, with all 
our new needs and novel pleasures, we are any better 


off than the cave-dweller who had just learned to 
warm and light his home. He must have felt greatly 
satisfied at that time, and could have felt no need 
for motorizing his industry and pleasures nor for 
refrigerating his foods and drinks. It is difficult for 
us to go further back than the heated and lighted 
home, but I might as well have referred to the long- 
haired monkeys in tropical cocoanut trees. Admit- 
ting with some philosophers that these seem as happy 
as anyone, we still arbitrarily call progress the motion 
away from the less helpless though satisfied state and 
toward the greater appreciation of infinite new 
possibilities which we may easily bring within our 
reach. 

Man might possibly exist indefinitely in a sta- 
tionary state of cultivating the soil and killing and 
eating just enough of the wild animals, and he might 
have got along without much mental growth, but 
he has already proved that the creative saliency 
which Emerson called “the importation and domesti- 
cation of divine effort in man,” suits him better. 

I think I can show that while we have progressed 
with unprecedented strides in the recent past, there 
is no danger that an upper limit has been approached. 
As this should apply to all mental activities, I wish 
to refer to several different sciences before consider- 
ing electricity. 


Material Investigation Productive Beyond Measure 
Encouraging men in every field to devote effort to 
material investigation is productive beyond measure 
or contemporary comprehension, because what is 
learned in any one field always and forever forms 
part of the foundation on which all the following 
work in that field has to be built. Beyond that is 
the immeasurably great effect which one branch of 
science exerts upon all the others, because each 
builds with reference to the rest. I feel quite power- 
less to explain adequately this point, but I will di- 
gress just enough for an illustration. At this mo- 
ment, science knows very little about the two most 
fundamental things in life, the chlorophyl of plants 
and the protoplasm of animals. The chemist 1s 
getting excited over a few facts which we might call 
his present ignorance of these chemical compounds. 
He is almost frightened at the consequences of 
what a clear understanding of this subject might in- 
volve. What is it to understand the life process? 
The physicist and the astronomer, looking at the 
subject as a radiation problem, contribute new 
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knowledge of specific radiation, wavelengths, whether 
they be ultra-violet light, the ever-present radium 
emanation, radio itself, or the newest cosmic rays. 
The biologist makes his corresponding experiments, 
and the expert on heredity, working at his fruit flies, 
takes the contributions of these diverse fields and 
applies them to his researches. Finally his conclusions 
are tentatively extended to heredity in man. In this 
way our progress becomes exponential. It rises as 
the “nth? power of the number of even widely 
remote investigators. 

This may be expressed in another way. With our 
shortsightedness, we cannot see the paths along 
which we shall finally proceed in any particular 
progression. Take, for example, artificial illumination. 
If we knew nothing more about it than we see in the 
present systems of lighting, we would probably con- 
fine our attempts to improve artificial illumination 
to what I call the contiguous areas—those that call 
for no great external scientific contributions nor 
surprising disclosure—such as hotter gases, or more 
refractory metals. But when we draw from compari- 
sons of radiations the fact that light should be capable 
of much more perfect and economical production, 
we begin to look at our present lamps as devices which 
only feebly punctuate the darkness—small spots 
which no one could possibly mistake for real day- 
light. Radio broadcasting, a radiation phenomenon, 
has been developed in a different field, but now we 
wonder whether light, being but a very short-wave 
radio, could not be benefited by contributions from 
the radio art. We turn to astronomy and there find a 
wonderful analysis of the production of light which 
might also direct the next step in artificial illumina- 
tion. Through the correlated investigations of mod- 
ern astronomy and atomic physics, then, we are 
rapidly acquiring a new conception of light and 
its generation. This could not have come to us 
through any extension of ordinary incandescent light- 
ing studies. 


The Nature of Light 

All light in its infinite wavelengths or colors 
is apparently generated in accord with partially 
understood electro-mechanical laws. In some way, 
most wonderfully pictured as the readjustment of 
electrical charges in orbits of atoms, light waves are 
sent through space, just as are radio waves when 
suitable motion of more massive electric charges 
is produced by some sending station. We supply 
energy to our broadcasting stations whether they 
produce radio or light waves, but modern astronomy 
is Showing that the light energy for the sun and stars 
is taken directly from matter itself; that is, probably 
from the potential energy of the electrical charges 
of the atoms themselves. Thus our daylight is due 
to the partial neutralization of positive and nega- 
tive charges which in their proper orbits constitute 
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atoms, but which, by their occasional neutraliza- 
tion, emit their electrical energy as the radiant 
energy we call light. Here, then, atoms become 
light, and matter is changed to radiant energy. It 
has been estimated by Jeans that the light from a 
50 hp. searchlight, if it burned like the sun (1.e., was 
not supplied from a power station), would turn 
matter into radiant energy at a rate which would 
cause it to lose about 114 grams in weight per cen- 
tury. As the sun radiates about that much energy 
per square inch, it is decaying from the electrical 
state which we call matter, into the immaterial thing 
we call radiant energy at the rate of 360 million 
tons daily! If the sun were not built on rather a 
generous scale, this rate of loss might be quite seri- 
ous to mankind. Fortunately its rate of loss is still 
quite low compared to its stock in hand. 


Magnitudes 

If astronomy had no other wonders to expand the 
mind, it would still be our greatest scientific field, 
because the one thing which seems to delay or im- 
pede progress is our failure to appreciate magni- 
tudes. We have long been used to million dollar 
congressional appropriations, but in very recent 
years we had our first billion dollar congress. Slowly, 
but surely, our understanding of numbers grows, but 
astronomical numbers (values) rise always beyond 
our grasp. Thousands and tens of thousands were 
once the peak, myriads were later an upper limit; 
a light year was once almost inconceivable, but now 
universes a hundred million light years away are 
things of nightly observation. What is more inter- 
esting than that the laws of celestial affairs are 
directly applicable to, and adequate in explaining, 
the general properties of matter, the structure, so- 
called, of the elementary atoms? It will be sur- 
prising, indeed, since matter is electrical and light 
is attributable to certain defined motions or changes 
of electrons obeying electrical laws, if the final 
efficient artificial light process is not traceable to 
astronomical studies. 

We have become hardened to such expressions 
as, “We are living in a new and different world.” 
Someone says, “The new things transcend our im- 
agination.’’ But this has always been true and will 
be as long as experiments are made, for limitations 
are indeed in the mind of man, not in Nature. 

We are beginning to realize that new products 
and processes do not come exclusively or even usu- 
ally from a mere physical change, like dryness, thick- 
ness, etc. With knowledge, it becomes not more of 
the same that is important, but some of a different 
sort; not merely the same old frontal attack— 
a new flank movement will often do better. The 
gases added to lamp bulbs after forty years of 
work to improve evacuation is an illustration of 
this point. 


ELECTRICAL RESEARCH AND PROGRESS 


Ramifications of Radio 

Every week I sit in a conference of fifty or more 
young radio engineers. I often realize that hardly 
a word of their hour’s discussion was known to the 
scientists of twenty years ago. With this new vocab- 
ulary came countless corresponding pieces of new 
apparatus and new uses. New principles are in- 
volved, and the electrical industry will be influ- 
enced much more by this novelty than by the mere 
addition of the field of broadcasting. It is already 
becoming obvious that any kind of starting, stop- 
ping or control of remote electrical operations can 
be brought about by the merest trace of energy. 
A wave of the hand, the casting of a shadow, even 
the sound of a voice that is still may now be ampli- 
fied so as to control any desired energy anywhere. 
This is part of the unexpected contribution of radio. 
But this is only a crude illustration of the manner 


in which experimental work well done and generally- 


known contributes to other fields. It seems as if 
no simple known fact anywhere need long stand 
unemployed in a world which is animated with the 
will to appreciate and utilize. 

Because I think this talk ought to serve to 
strengthen the hands of men,in all true scientific re- 
search, I wish I could point out some of the count- 
less interlocking ramifications of the work of a single 
general physical research laboratory, the Cavendish 
Laboratory of Cambridge, England. But this would be 
going entirely too widely afield, and time forbids. For 
nearly 30 years, however, there has been a steady flow 
of new science from that laboratory and everybody 
interested in light has been continually benefited by it. 


The Public Always Benefits 

It may be assumed that separate industries are 
working out by experiment the value to them of 
various grades of pure and engineering research. 
They have ways of determining the value to them of 
new things. Research is more or less rampant. The 
public wins always, but the company supporting 
research, much like the unfortunate inventor of the 
past, may still suffer in some cases. 

For example, the atomic or inherent energy of a 
drop of oil, properly utilized, would be sufficient to 
drive the engines of a liner for a complete trans- 
Atlantic trip. Suppose some research laboratory 
made the feat possible, it is still a question whether 
the discovery would yield anything to the company 
which supported the research. Many reasons for 
such failure might be found, both in the action of 
the owners and in those of their competitors. But 
there 1s one sure winner, and his name is Public. 
This is another way of expressing the thought that 
appreciation of the general services of science is an 
opportunity for the public. 

But a talk of this kind may well be criticized as 
too general, and I might properly be expected to 
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refer more specifically to researches of interest to 
the electrical industry. So now I wish to paint a 
picture, and I will select one particular thing on 
which to focus attention, just as the impressionist 
in painting emphasizes one peculiar color. 


The Beginning of Industrial Use of Hydrogen 

The lightest thing in the world is hydrogen gas. 
Its historical trail through twenty-five years in the 
laboratory will serve as the dominant color for my 
picture. We began using hydrogen in 1900, at the 
rate of a few cubic feet monthly. In 1903 it 
became a few hundred cubic feet. In 1907 we 
were using 17,000 cubic feet per month. In five 
years it was 175,000 cubic feet. In five more it 
reached 1,000,000 and it is now about 2,000,000 
per month. 

Everybody recalls the little hydrogen generator 
which is made in every elementary chemical labora- 
tory and is exploded there with more noise than 
damage. These use zinc and sulphuric acid, and 
such generators, on a large scale, are still used by 
lead burners, t.e., men who construct lead apparatus 
by melding the joints together with oxy-hydrogen 
flame. These chemical generators furnished a few 
cubic feet of hydrogen per day and served for many 
researches in the laboratory twenty years ago. 
Among the first of these experiments was the use 
of hydrogen in high temperature anneal and puri- 
fication of iron for special purposes. Here it proved 
valuable in preventing scaling or burning, and also in 
slowly removing carbon and similar foreign ele- 
ments. These experiments on heating iron alloys in 
hydrogen were done many years ago, and applica- 
tions of the process have continued to increase not 
only in the Laboratory, but for various purposes in 
the factory. 

Over a hundred hydrogen furnaces are in use daily 
in the Laboratory for production of special alloys 
of tungsten, molybdenum and other metals, and over 
a hundred more are in use for various experimental 
purposes. Most of these use hydrogen not only for 
the atmosphere within the furnaces proper, but also 
as a protecting gas to preserve the molybdenum or 
tungsten heating units of the furnace. In this way 
we are able to make use of temperatures higher than 
we otherwise could, even if the heating units were 
platinum. 


The Electrolytic Generator Increases Production 

In our work on pure metals, many of which are 
made from their oxides by reduction, we soon found 
the chemical methods of producing hydrogen too 
expensive, so we constructed a home-made electro- 
lytic generator. This gave us a few hundred cubic 
feet of hydrogen per day. Then we began to pipe 
the gas to work rooms, and 95 rooms in the Labora- 
tory are now so supplied. 
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Our first electrolytic generator probably cost a 
thousand dollars, and this gave gas enough for the 
early work on annealing experiments and on reduc- 
ing tungstic oxide to metal for lamp filaments. In 
what we call the early days, this metal was pressed 
into lamp filaments by use of an organic binder, 
and the next considerable use of hydrogen was to 
remove the carbon of this organic matter from the 
filaments so as to give a pure metallic product. This 
became a large-scale factory process. In this work 
we became better and better acquainted with the gas. 
Its dangers shrunk and its cost was reduced as im- 
proved electrolytic gas generators were obtained. 
Soon we had installed, for combined factory and 
laboratory uses, several large electrolytic gas gen- 
erators, and we then began to pipe the factory yard, 
so that the gas could be brought into scattered build- 


ings for special work. The furnaces for the reduc- 


tion of tungstic oxide are still in use, for there seems 
no better way to prepare pure tungsten than this, but 
from time to time many other metallic oxides are re- 
duced by the same process. For example, all the 
molybdenum used in our radio tubes is made this 
way. Many new alloys have also been made by the 
reduction of corresponding oxides in hydrogen at- 
mosphere. Copper, cobalt, nickel and iron are most 
easily prepared pure by use of these furnaces. 

Such details are not particularly interesting to 
you, but I want to show how extensive the applica- 
tion of a single element may become when it is al- 
lowed to expand. 

After tungstic oxide is reduced in a hydrogen 
atmosphere the powder is pressed into bars which 
are sintered in hydrogen and these are then‘sus- 
pended in another hydrogen atmosphere and several 
thousand amperes sent through to produce compact 
metal. The bars are then worked down mechanically 
while hot, and frequently reheated in other hydro- 
gen furnaces on the way to the finished tungsten 
wire, sheet, or other special shape. Thus at least 
four different hydrogen furnaces are required in the 
manufacture of finished tungsten metal. 


Hydrogen in Cutting and Welding Metals 

About as soon as we had apparatus for supplying 
hydrogen in quantity by electrolysis of water, en- 
gineers brought us problems such as cutting and 
welding metals by its use. The electrolysers sup- 
plied both hydrogen and oxygen. A gas flame using 
these gases cuts iron and steel cheaper and better 
than power saws can do it, and so the risers of steel 
castings, which are difficult to saw, were cut by 
gas. These “‘risers’’ are large masses of steel which 
are a part of steel castings as these come from the 
molds, but are not a part of the finished product. 
At about this time the hydrogen and oxygen be- 
gan their work for us in cutting iron plate and struc- 
tural steel. This line of work has continued to 


GENERAL ELECTRIC REVIEW 


Vol. 31, No. 12 


expand, has quite revolutionized motor frame con- 
struction and has economically displaced a great deal 
of foundry equipment. A gas torch became a rapid 
jig saw to cut out the patterns, another torch or an 
electric arc became the sewing machine for prop- 
erly stitching them together. The cast-iron bodies 
or frames of large generators which constitute 
about all one sees of such apparatus, were rela- 
tively expensive. Replacing cast iron was only a 
question of cutting rolled plates into suitable form, 
arranging them-in place and welding them together. 
The cutting was not practicable by old methods, 
but the gas torch solved the problem. Oxy-acety- 
lene, oxy-hydrogen and oxy-illuminating gas are 
now used for this cutting. The welding of the as- 
sembly into a solid frame is now done by one of the 
various electric arc processes. By this improve- 
ment, large foundries have been made quite obsolete. 
Only about one per cent of the frames of large elec- 
tric generators are cast nowadays, the other 99 per 
cent being gas-cut and arc-assembled. This entire 
change has come about within the past five years. 


Hydrogen as a Flux 

While we were first working with ductile tung- 
sten we produced tungsten contacts for automobile 
coils and vibrators. Millions of these were used. 
They are practically little steel tacks with heads of 
pure tungsten. Dr. Coolidge found that the proper 
way to stick the tungsten to the steel was to melt a 
very little copper between the two when they were 
heated in a pure hydrogen atmosphere. No flux was 
necessary, for the hydrogen performs this office. The 
fluxes used in metal brazing dissolve metallic oxides, 
thus giving clean metallic surfaces for welding. The 
hydrogen removes the oxides by reducing them to 
the corresponding metals, so hydrogen has also be- 
come a flux. 

This contact-process led to general studies of braz- 
ing in hot hydrogen, and the advantage of using 
copper for brazing became more and more apparent. 
Melted copper in the presence of hydrogen has a 
very remarkable tendency to flow even into the nar- 
rowest cracks and crevices in steel. And it becomes 
an easy matter to fill whatever pores there may be 
in iron by impregnating it with copper. This is a 


‘very convenient way of insuring vacuum tight iron 


apparatus. It would now be hard to get along with- 
out it. In this connection we found that highly-com- 
pressed and sintered powders like tungsten and iron 
could drink up and absorb large quantities of molten 
copper in hydrogen, and in this way a number of 
practical applications have been found where the 
electrical or thermal conductivity of the copper com- 
bined with hardness or infusibility of the tungsten 
was desired. 

Copper brazing in hydrogen has now been used 
on a large scale for years. This is done in electric 
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furnaces 12 to 24 ft. in diameter. Turbine parts, 
such as steam labyrinths, and many devices such 
as steam plates for hydraulic presses are thus pro- 
duced. At present, the evaporators of all of our 
electric refrigerators are copper brazed after first 
having been welded by the new atomic hydrogen 
process. In other words, our latest factory product 
uses hydrogen twice. 


The Atomic Hydrogen Arc 

In Langmuir’s study of reactions within partially- 
evacuated lamp bulbs, a group of interesting chemi- 
cal phenomena had been observed. They led to the 
conclusion that hydrogen molecules were decomposed 
into atoms under the operating lamp conditions and 
that, while these could exist in the atomic state, 
they would readily recombine again. After a study 
of the energy relationships it appeared that the mere 
reunion of hydrogen atoms should give a very local- 
ized and exceedingly high temperature. As hy- 
drogen can be dissociated into atoms in an electric 
arc and combine again a short distance away, we 
have a method of transferring electric energy from 
an electric arc to the spot where excessive tempera- 
ture is desired, for the gas atoms will give up this 
extra energy there. The heat of combustion of the 
hydrogen with oxygen may be looked at as an added 
source of heat to this atomic heat. The advantages 
of the atomic hydrogen arc are two-fold. The metals 
to be arc-welded are protected by an envelope of 
hydrogen, and in the hottest part, where welding is 
being done, there is no danger from oxygen, but, 
furthermore, atomic hydrogen is an excessively 
powerful chemical reducing agent, more powerful 
than molecular hydrogen. For this reason arc weld- 
ing of otherwise refractory substances has become 
possible, and the surety of the weld increased. 

Another intermediate application of hydrogen arc 
welding is also important. In this case hydrogen is 
fed into the ordinary low-voltage welding arc, thus 
surrounding it with the atmosphere of hydrogen 
which prevents the oxidation of the metal during 
welding. In other words, we now have three hydro- 
gen arc types of welding: the direct gas flame with- 
out electrical energy except the original production 
of the gases from water, then the ordinary electric 
arc surrounded by hydrogen in place of air, and 
last the electrically dissociated hydrogen arc which 
really also includes in effect both the others. 


Hydrogen and Refrigeration 

In the new refrigerator evaporators, where every 
precaution must be taken against leaks of SO; gas, 
the main joints are first arc-welded with atomic hy- 
drogen and then made doubly sure by an added 
copper braze in hydrogen gas. This double use of 
hydrogen is mentioned not so much to advertise 
refrigeration as academically to emphasize the wide 
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application of the single element, hydrogen. And 
yet hydrogen differs from the other known elements 
in being the simplest of them all. 

I take a sort of wicked delight in mixing the sub- 
lime and the ridiculous, passing directly from elec-. 
tric refrigerators to the structure of the atom, for 
example. A whole hour could easily be devoted to 
describing the use Professor Bohr and others made 
of the known spectral lines of hydrogen as first ex- 
plaining the inner structure of our simplest atom. 
Other structures followed, and also the interpreta- 
tion of spectral lines themselves, and consequently 
of light production in general. In other words, the 
hydrogen spectrum with its orderly arrangement of 
separate lines was made the key for unlocking 
atomic structure, the source of light waves, and for 
locking into the two the entire celestial mechanics. 

We look at light nowadays as very short wave 
radio sent out by radio stations within the atoms. 
Electrons in atoms, like satellites in a solar system, 
return to their proper atomic orbits when electrically 
activated—1.e., disturbed, and this return sets up 
characteristic electro-magnetic waves in space which 
we call light of various colors or wavelengths. In 
this way hydrogen has helped us form some ideas 
of the future experiments to be directed toward 
more effective artificial light. 


Hydrogen and Uletra-violet Light 

In speaking about spectral lines, it is also a temp- 
tation just to refer to the extensive field opened up 
by the studies of the ultra-violet light and vitamin 
production, because similar studies must eventually 
be made of other spectral regions. One narrow 
spectral band from a mercury arc in a quartz con- 
tainer is very much more effective than sunlight in 
bringing about certain reactions of living processes, 
and as a result we may now purchase valuable me- 
dicinal foods which owe their importance to an ex- 
posure to this spectral band. Moreover, much of the 
difficult glass and quartz-blowing for special lamp 
bulbs for such uses is done in the oxy-hydrogen 
flame, and so our laboratory glass-blowers use large 
quantities of the gas in this quite prosaic way, for 
purposes of assisting in very complex organic re- 
actions. 

To return to hydrogen phenomena again: 

If a piece of ordinary copper is heated red hot, 
but below its melting point in hydrogen or other 
reducing atmosphere, it loses its strength and be- 
comes entirely useless. There have been many cases 
where this has developed as a real trouble in the 
factories. It is due to the reduction of the traces 
of oxide which are present in all ordinary copper. 
It can be obviated by using a special metal entirely 
free of oxide, but this is not readily procurable. 
This effect was studied and obviated by the use of 
hydrogen. 
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An equally interesting action between steel and 
hydrogen is also worth describing, because I am 
trying to illustrate the spread of contiguous hydro- 
gen knowledge. If a strained steel spring is ex- 
posed to processes which produce atomic hydrogen 
at room temperatures, for example, in acid pickling 
or in electrolysis, even where corrosion is obviated, 
as in alkaline solutions, the fatigue value of the 
steel is greatly reduced, though its tensile strength 
is not much affected. This is a very important 
matter and has wide applications. One would not 
pickle or electfoplate an important steel spring now- 
adays without in some way taking care of this effect. 
Here is the peculiarity, that cold atomic hydrogen 
penetrates the steel easily, while molecular or 
gaseous hydrogen cannot do so. At red heat, 
molecular or ordinary hydrogen passes readily 
through solid iron, and is apparently the only gas 
that does so. This is probably why it is relatively 
easy to make copper penetrate nearly dense iron, 
because oxide and carbide are removed and a way 
opened up. 

We have long been using mixtures of nitrogen 
and hydrogen where the cost of pure hydrogen was 
too great. This mixture is made by burning the 
oxygen out of air by an excess of hydrogen, then 
removing the water thus formed. The hydrogen 
actually burned by the process is replaced by the 
reaction in the resulting gas-mixture by twice its 
volume of nitrogen. This mixture has long been 
in use in tungsten lamp factories. Nowadays it is 
cheaper to produce nitrogen directly by the liquid 
air process and mix it with electrolytic hydrogen. 
This mixture constitutes both an economy and an 
additional safety service. We have ahead of us still 
cheaper hydrogen when the work demands it, be- 
cause it may be made directly from water and 
carbon. 
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Hydrogen as a Cooling Agent 

As hydrogen naturally diffuses faster than other 
gases, it can be used to advantage where it is im- 
portant to remove heat rapidly. For this reason high- 
speed motors and generators are being operated in 
this gas in developmental tests. On reflection, we see 
that it is only a sort of natural accident that we cool 
most electrical apparatus by the air which is about 
it. Hydrogen is better than air for the purpose. 
Much of the difficulty in connection with such ap- 
plications of hydrogen consists in keeping the gas 
from leaking out of the system, but as it is cheaply 
produced from water by electric current, it will 
probably be used for this purpose also. 

In these superficial notes on hydrogen I have re- 
ferred only to the major part of our Schenectady 
applications. But its use elsewhere is not confined 
to balloons! It was once used in the Drummond 
light, a stick of lime incandescent in oxy-hydrogen 
gas flame. It is worth while pointing out, however, 
that its study elsewhere had led to the production 
of artificial ammonia, and to the so-called hydro- 
genation of oils, which opened new fields for use 
of cottonseed oil. It is an important constituent of 
water gas and is being expanded into the field of 
artificial motor fuel, because it may be artificially 
combined with carbon as benzine and countless other 
combinations. | 

This growing demand for hydrogen has also 
brought along with it substitutes for many of the 
original uses, such as nitrogen-hydrogen mixtures and 
illuminating gas-oxygen mixtures for metal cutting. 

My idea in this discussion has been that any one 
subject or element might be chosen to illustrate the 
effect of continued research and that, while I might 
be expected to choose light, radio or tungsten, which 
we are also studying, it is more novel and instructive 
to consider our volatile old friend, hydrogen. 


Turbine Exhaust Steam to Save Equivalent of 222 Tons of Coal a Month 
in Heating the Buildings of the University of Kansas 


In the combined heating and power plant of the 
University of Kansas, at Lawrence (Kan.), two 
condensing turbine-generators were installed in 1922. 
These are of 200-kw. and 500-kw. capacity, and 
operate at 175-łb. gauge pressure. For heating the 
buildings, steam at 10-lb. gauge pressure has been 
obtained from a reducing valve between the 175-lb. 
boiler header and the heating mains. 

Because of increasing load, the 200-kw. turbine 
became inadequate and was not being used. A 
study of the heating and load conditions which was 
later made showed that the removal of the load 
of the electrically-driven.auxiliaries of the smaller 
turbine would enable this unit to carry the University 


load for the greater part of the day, and its exhaust 
steam then furnished to the heating system would 
save the equivalent of 222 tons of coal per month 
during the winter season—provided such non- 
condensing operation were possible. Further investi- 
gation revealed that the addition of an oil-operated 
governor and the substitution of new buckets and 
nozzles would permit the unit to deliver 200 kw. 
while operating non-condensing at 10 to 15 Ib. 
back pressure, thus making it suitable to function 
also asa reducing valve for supplying low-pressure 
steam to the heating system. The cost would 
amount to no more than the fuel saving during the 
first month. 
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T is a generally recognized fact 
that the behavior of the 
synchronous converter with 

respect to flashing at the com- 
mutator is different from that of 
the direct-current motor or gen- 
erator. But it appears, however, 
that the phenomena accompany- 
ing flashing are not clearly under- 
stood, Very frequently the ques- 
tion arises as to the direct cause 
of this disturbance, with queries 
concerning some of the theory 
involved. Various articles have 
been published on the subject, 
but it is felt that they are either 
lacking in sufficient detail to give a good physical 
picture of flashing or are so technical as to be suitable 
only for specialists on such matters. It is the purpose 
of this article, therefore, to present in a simple manner 
a clear conception of the flashing of converters, to 
discuss the physical relations of the quantities con- 
cerned, and to describe the order of occurrence of 
the events accompanying a flash-over. 


Definition and Cause of Flashing 

By flashing is meant the establishment of a complete 
arc path across the commutator surface from one 
brush group to an adjacent group, or from a brush 
group to grounded metal parts. This phenomenon is 
distinct from a simple “‘spit,’’ or case of severe spark- 
ing at the brushes, which is sometimes called a flash. 
Arcing often occurs between adjacent bars, either as 
they leave the brushes, or because of lint, dust, or 
foreign material falling across them; but such bad 
sparking cannot be classed as a complete arc-over 
between brushes which is the phenomenon of primary 
importance. 

Flashing is not instantaneous but is a progressive 
event initiated by the generation of ionized conducting 
vapor at the brush contact surfaces, either by exces- 
sive overload current or by the short-circuit currents 
in the commutated armature coils. It is necessary 
that there be generated between adjacent commutator 
segments, as they emerge from under the brushes, 
a voltage of sufficient magnitude to maintain an arc 
through the conducting vapor which has been formed. 
If this action continues during the time required for 


As the authors mention, in the 
concluding paragraph, the per- 
formance of modern synchronous 
converters 1s not handicapped in 
commercial service by influences 
tending to cause flash-over. How- 


ever, the phenomenon of flash-over 
and the developments that have 
combined to eliminate it and its 
consequences are subjects that are 
rich in engineering interest, and 
are explained with unusual clarity 
in this article-—EbDITOR 


the first arc to be carried to the 
next brush group, by the rotation 
of the commutator, a complete 
train of these arcs is formed and 
flashing results. This entire oper- 
ation may be called a “primary 
flash-over.”’ 

Because of the primary flash- 
over or severe sparking, sufficient 
conducting vapor may be pro- 
duced to fill the space between a 
brush group and any grounded 
metal parts, thus permitting the 
formation of an arc by way of 
this external path. Anarc of such 
a character is then termed a 
“secondary flash-over.” ‘Although this flash-over may 
sometimes occur alone, it usually follows a primary 
flash-over, which is believed must first be present so 
that the required ionized vapor is produced to per- 
mit a conducting path to ground. 

Very few flashes are caused directly from excessive 
load current. The greater part of theconducting vapors 
are created by the short-circuit currents flowing in 
the armature coils and the brush faces. These short- 
circuit currents are in turn produced by distortion 
in the magnetic fields resulting from synchronizing 
currents which follow large changes in direct-current 
load or abrupt alternating-current disturbances, as 
are discussed later. This article considers mainly the 
effect of the direct-current load swings as they are of 
fundamental importance. 

The principal cause of flashing is the phase-angle 
displacement of the slip-ring voltage from the main- 
bus voltage. This angular displacement is composed 
of two elements. The chief component results from the 
reactance drop in the transformer and supply lines 
due to energy currents, and the second component is 
caused by the shift of the magnetic center of the total 
field flux. The latter displacement is small, however, 
and amounts to only a few degrees. Furthermore, the 
presence of damping windings in the converter pole 
faces prevents any rapid motion of the flux wave and 
its effect is therefore greatly reduced. 

With no direct-current load on a converter, any 
angular displacement between slip-ring and bus volt- 
ages results in the flow of corresponding synchronizing 
currents which distort the main field because there 
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is no compensation for the armature reaction of these 
currents. The distortion shifts the edge of the flux 
wave over the commutating zone and the armature 
coils short-circuited by the brushes then have cor- 
responding voltages induced in them by rotation 


| | 


Fig. 1. Graphical Analysis of the Armature Reaction‘of a 


Synchronous Converter 


Direct-current distribution 

Alternating-current distribution 

alternating curregt distribution, 30 deg. rotation of 
armatu 

Resultant distribution of armature reaction 


Curve (1): 
Curve (2): 
Curve (8): 
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Fig. 2. Flux Wave Shape of Converter 


Main field acting alone 

Total field showing effect of armature currents when 
converter operates as a synchronous motor 

Total field when converter operates as an alternator 


Curve (a): 
Curve (b): 


Curve (c): 


through the unbalanced field. Sparking occurs as 
the segments emerge from under the brushes, and 
the voltage between bars may be sufficient to main- 
tain the little arcs. 
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Armature Reaction 

The subject of armature reaction of a synchronous 
converter is directly associated with a consideration of 
flashing, and the topic is therefore treated at this 
point. The consideration precedes that of flashing 
proper since specific reference will be made to the 
points with which armature reaction is concerned. 

The synchronous converter is usually characterized 
as the combination of the synchronous motor and the 
direct-current generator. According to this analysis, 
the total armature reaction of the machine can be 
treated by separately considering the armature 
reactions of the assumed motor and generator. Fig. 1 
shows graphically the physical relations and magni- 
tudes of the quantities involved. 
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Fig. 3. Curves Showing the Rise of the Direct and Alternating 
Currents in a Converter as Load is Suddenly Thrown 
on the Machine 


The direct-current armature reaction given as 
Curve (1) in this illustration is of the well-known 
triangular shape; while that of the alternating-current. 
varies between the two forms shown as Curves (2) 
and (3). A six-phase converter has been chosen, 
with full-pitch infinitely-distributed windings, each 
phase belt covering 60 electrical degrees. Over a pole 
pitch the integrated value of the direct-current 
armature reaction is practically equal to the alternat- 
ing-current armature reaction, save for the slight. 
difference due to the current supplying the machine: 
losses. But at any point along the periphery, the net 
armature reaction is not necessarily zero. It has a 
value given by the resultant space waves shown as. 
Curves (4). 

The net value of armature reaction which is shown 
in the quadrature axis is due to the direct current and. 
is that resultant for which the commutating poles of a 
converter must compensate. Its value varies between 
11 and 23 per cent of the direct-current armature 
reaction, and for this reason the commutating field of a 
converter is approximately only one-third as strong as. 
the commutating field of a direct-current generator. 
The influence of this weak field on sparking will be 
considered later in this article. 

Under the main poles, the armature reaction varies. 
in a linear manner from a definite value at one pole 
tip to the equal and opposite value at the other pole 
tip. The effect of such a variation is to produce a. 


FLASHING OF SYNCHRONOUS CONVERTERS 


so-called cross-magnetizing field which increases the 
flux density at one pole tip and decreases it at the 
other. The “center of gravity” of the total field is thus 
shifted toward the side of greater flux density. Cal- 
culations and test show this displacement to be rather 
slight, ranging from two to six electrical degrees at 
full load. 

The normal flux wave-shape due to the main-field 
m.m.f. acting alone is flat-topped, and symmetrical 
about the main-pole center as shown by Curve (a) 
in Fig. 2. The presence of the alternating-current 
armature reaction acting alone alters this flux wave. 
If the machine is operating purely as a synchronous 
motor, the resultant wave is shifted backward against 
the direction of rotation and is peaked under the 
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frequency at the slip-rings; and the converter, like 
the synchronous motor, will tend to slow down and 
drop back a few degrees with respect to the main bus. 
While changing its angular relation the armature will 
give up kinetic energy, and since the total output of 
the converter is composed of the energy input from the 
alternating-current lines and the rotational energy 
from the rotor, the effective alternating current will 
be less than that corresponding to the output. 

As with all rotating apparatus when suddenly 
subjected to an increased load, the converter over- 
shoots the mark and the actual alternating-current 
wave thus oscillates about the theoretical value as the 
armature of the machine oscillates about its steady- 
state position. Under normal operation, the 


Fig. 4. Oscillogram of a Short-circuit on a 1000-kw., 600-volt Synchronous Converter 
Showing No Record of Flashing 


A: Zero line of direct voltage 
B: Zero line of alternating current 
C: Zero line of direct current (580 per cent normal) 


leading pole tip. This is shown by Curve (b). Similarly, 
if the converter operates as an alternator, the flux 
wave is moved forward and the wave becomes peaked 
under the trailing pole tip Curve (c). The influence of 
this wave shift has a direct bearing upon flashing as 
will be explained later. 

It is perhaps well ‘to point out the distinct effect 
of the commutating pole upon the flux in the quadra- 
ture axis. The reluctance of the magnetic path at this 
position is considerably reduced by the presence of 
the commutating pole iron, and a greatly increased 
flux variation is allowed with changes of armature 
m.m.f. over the neutral zone. Commutating pole 
converters are therefore more sensitive to flashing 
than are non-commutating pole machines, but this 
undesirable characteristic of the former is reduced 
by the use of high-reluctance commutating poles. 


Operation Under Sudden Application of Load 

When a fairly heavy direct-current load is suddenly 
placed on a converter, the effect of the rising alternat- 
ing-current flowing through the transformer reactance 
causes the secondary voltage to lag that of the pri- 
mary. This is equivalent to a momentary change in 


alternating and direct currents are in a constant 
ratio to each other. 

Fig. 3 shows the rise of the direct and alternating 
currents with respect to time. The direct-current and 
the theoretical alternating-current curves are expon- 
ential and mse quickly to their final values. Assuming 
a six-phase machine, the effective value of the alter- 
nating current under steady conditions is approxi- 
mately One-half of that of the direct current. Because 
of the variation in armature speed just pointed out, 
the actual alternating-current wave lies below the 
theoretical curve until the time at which the direct 
current has reached its maximum value. The difference 
between the ordinates of these alternating-current 
curves represents the stored energy given up by the 
converter armature. Similarly, when the actual wave 
lies above the theoretical curve, the difference in 
ordinates indicates the electrical energy from the 
alternating-current lines which is converted into 
mechanical energy of rotation. 

While the alternating and direct currents are rising 
the converter acts as a pure direct-current generator 
to the extent of the kinetic energy of rotation which 
is converted into electrical output. Under such 
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conditions, the ratio of the direct-current armature re- 
action to the alternating-current armature reaction is 
greater than normal, and the resultant value of these 
reactions under the commutating poles is also greater. 
As previously pointed out, the commutating poles of 
a converter are weak during this particular part of 


the cycle and poor commutation with sparking may 


result. If the short-circuit or overload on the machine 
is-extremely severe, commutation may be so bad as 
to cause flashing. However, such an occurrence 1s 
exceptional. 

The oscillogram in Fig. 4 is of a short-circuit test 
on a converter in which the load current rose to 580 
per cent of normal value without flashing. The 
alternating current is correspondingly high. This 


Fig. 5. Short-circuit on a 1000-kw., 600-volt Synchronous 
Converter Showing a Record of Flashing 


A: Zero line of direct voltage 
B: Zero line of alternating current 
C: Zero line of direct current (600 per cent normal) 


oscillogram is typical of such short-circuits and clearly 
shows the alternating-current wave shape as it 
varies with time. It will be noted that during the rise 
of current there are no breaks in the wave, which 
breaks would be present (Fig. 5) had any unusual oc- 
currence, such as flashing, taken place. In the many 
tests conducted by the General Electric Company, a 
converter has only once or twice flashed over upon the 
sudden application of a very heavy load, and it can 
be definitely stated that converters very rarely flash 
over when large loads are suddenly impressed on them. 

As an explanation of the foregoing statements, 
let Fig. 6 represent an alternator supplying power 
through a transformer and a converter to a direct- 
current load. The sketch is made single-phase for the 
sake of simplicity, but the generator is assumed to be 
of infinite-bus character so that the primary voltage 
of the transformer is not affected in magnitude or in 
phase position, with respect to the system which the 
generator represents, by any load on the secondary. 
When the switch connecting the load is closed the 
direct and alternating currents immediately rise, the 
converter armature supplying some of the output 
energy mechanically as just described. 
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The vector diagram in Fig. 7 conveniently explains 
the operation. Let OA be the voltage impressed on the 
primary of the transformer. The vector OB, equal 
and opposite to OA, then represents the no-load 
secondary voltage; and correspondingly, OC is the 
load secondary voltage of the transformer impressed 
on the converter slip-rings. This makes BC the imped- 
ance drop due to the reactance and resistance in the 
transformer and converter supply lines. Assuming 
that the diagram is drawn for unity power-factor at 
the slip-rings, the locus of the reactance drop is the 
circle built upon OB as a diameter. 

The displacement angle œ is thus the angle by 
which the slip-ring voltage of the converter drops 
behind the system voltage; or expressed in a slightly 
different manner, æ is the shift in voltage between the 
converter rings and the source of constant potential, 
wherever it may be. The reference voltage is usually 
taken to be that of the transformer primary. 


Fig. 6. Alternator Supplying Power Through a Transformer and 
Converter to a Resistance Load 


During the application of load the frequency at the 
converter rings is momentarily altered and it decreases 
to the extent that the angle œ is lost. Obviously, 
however, it will be gained when the load is released 
and the converter moves back into its no-load position. 
Unlike the synchronous motor, the converter does 
not drop behind its field, but, so to speak, continues 
to run in phase with its field. This is due to the fact 
that a converter carries no mechanical load save 
windage, friction, and copper and iron losses. A strobo- 
scope, if connected across the converter rings, would 
therefore detect only a rotor displacement resulting 
from the losses plus the shift due to the field distortion. 
If the stroboscope were connected to the primary 
lines, however, it would then measure directly the 
total displacement angle which is the sum of the 
transformer shift œ and the field shift. 

Fig. 6, to which reference has already been made, 
represents a simple two-pole converter rotating in a 
clockwise direction. At no-load the fields are in line 
as shown. As the load comes on and the frequency is 
momentarily altered, the rotor field tends to shift 
clockwise with respect to the armature, producing a 
torque which drops the rotor backward through the 
angle a. The fields will thus remain with their original 
relationship. 

The question might be asked: Why, when a load is 
suddenly thrown on a converter, does not the machine 
behave as a synchronous motor and immediately 


draw synchronizing current from the alternating- 
current lines? This action does not take place because 
the voltage at the slip-rings and the converter arma- 
ture drop back together so that there is no relative 
motion between them. The alternating current is 
completely rectified and does not circulate in the 
converter windings as synchronizing current. 


The following analogy might be used to illustrate 


the point in question. Consider Fig. 8, which shows 
an alternator driving a synchronous motor. Suppose 
that the prime mover momentarily lags and then 
continues to run at some small angle behind its former 
position. The generator will of course be retarded 
similarly. Due to its own inertia the synchronous 
motor will not follow the generator exactly but will 
oscillate slightly before falling into its final position. 
The oscillation will be accompanied by the flow of 
synchronizing currents. 

If, however, the same retarding force be applied to 
the motor as it is to the alternator, and at the same 
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Fig. 7. Vector Diagram for Converter with Unity Power-factor 
at the Slip-rings, Showing the Angular Displacement 
Between the Main-bus and Slip-ring Voltages 


time, both machines will drop back together and will 
always be in step. While the motor is lagging there is 
no relative change between its terminal and generated 
e.m.f.’s and no reactive current will flow other than 
that which might be already present. 

Such is the condition really met in a converter, 
and the generator and motor action of the converter 
may be represented by the generator and motor in 
Fig. 8. Figuratively speaking, the converter is not 
aware of any change in phase angle. Both the alterna- 
tor and synchronous motor, on the other hand, show 
displacement angles between their rotors and rotating 
fields proportional to their loads. 


Operation Upon Sudden Release of Load 

Contrary to the opinion which is frequently held 
concerning flashing of converters, it is upon the sudden 
release of a large load that the machines are most 
susceptible to arcing, and not upon the application 
of the load. When the direct-current circuit 1s opened, 
both the direct-current and alternating-current energy 
components become zero in a very few thousandths of 
a second. But because of the angular displacement 
between the main-bus and slip-ring voltages of the 
machine, large synchronozing currents flow and pull 
the machine back into its no-load position. 

Owing to its inertia, the armature cannot immedi- 
ately swing forward, and the voltages just mentioned 
will not coincide until the rotor has reached its initial 
position. What formerly was the impedance drop 
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due to the alternating current which was rectified, 
t.e., the closing vector shown in Fig. 7, is now the 
impedance drop due to synchronizing currents. These 
currents are energy currents as can be seen from the 
diagram. Since the current vector would be practically 
normal to the impedance drop, it would then be 
almost wholly in phase with the slip-ring voltage. 

Formerly, the machine was delivering direct 
current and the armature reactions of the direct and 
alternating currents approximately balanced each 
other. Now, however, only .the alternating-current 
armature reaction exists and there is no compensation 
for it. The total field flux is thus distorted. The 
synchronizing currents act so as to accelerate the 
machine in the forward direction, and the converter 
operates strictly as a synchronous motor. The flux 
wave will therefore shift backward as shown in 
Fig. 2 (b). 


Alternator 


Prime Mover 


Fig. 8. Alternator Driving Synchronous Motor, Showing 
Analogy of'Converter Upon Sudden Appli- 
’ cation of Load 


It will thus be noticed that the sides of the coils 
which are short-circuited by the brushes are not in a 
field of negligible intensity, but cut a considerable 
amount of flux as they pass through the neutral zone. 
The voltages induced in the coils by this flux cutting 
produce short-circuit currents which complete their 
paths by way of the brush faces. Sparking, which 
may be of a severe character, then takes place as the 
commutator segments move from under the brushes. 

It will also be noticed in Fig. 2 that the sides of 
these coils are in a field which is rapidly increasing 
in value as they leave the commutating zone. The 
voltage between bars is therefore distinctly higher 
than usual and arcs between commutator segments 
are more easily maintained. If the little arcs are 
sustained until the next brush group is reached, the 
converter will flash over. 

The converter, in being pulled forward into the 
no-load position, will overshoot its mark, because of 
rotor inertia. The machine then undergoes a period of 
generator operation during which kinetic energy of 
the armature is converted into electrical energy and 
returned to the alternating-current lines. Owing to the 
generator action, the standing flux wave is moved 
forward in the direction of rotation, as previously 
explained in the treatment of armature reaction. 
The sides of the short-circuited coils are thus in a 
field which is decreasing in value as they leave the 
commutating zone and they actually pass a point at 
which the voltage between bars is zero, Fig. 2 (c). 
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This decreasing field; which passes through zero, 
is not of sufficient strength to induce voltages that 
will maintain arcs between commutator segments. 
So on the retarding swing, or during generator action, 
flashing will not take place. This statement is quite 
sufficiently borne out in the many tests made by the 
General Electric Company. All but one or two of the 
oscillograms ever obtained in such tests show that 
flashing occurred on the motor swing. 

It might be remarked that during the accelerating 
swing a point of zero voltage between commutator 


bars is met just before each brush group is reached, 


and that this voltage in itself is insufficient to maintain 
the small arcs. But, by the time the first arcs reach 
the weak field, which is fairly close to the brush group, 
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oscillated with a varying amplitude for many cycles 
while the machine was settling down to its no-load 
running position. | 

On the other hand, the envelope to the alternating- 
current wave in Fig. 5 contains a definite peak which 
extends above the upper dotted line, and two peaks 
which extend below the lower line. The machine 
flashed over in this interval of time. It will be noted 
that the flash took place after the direct current had 
become zero, and during the period favorable to 
flashing, z.e., during motor operation of the converter. 

The oscillogram in Fig. 9 is the record of a short- 
circuit following which the machine flashed over twice. 
The abrupt rise of the direct current, which reached 
550 per cent of its normal value in about one-quarter 


Fig. 9. Short-circuit on a 300-kw., 750-volt Synchronous Converter, Showing Two Flashes 


A: Zero line of direct voltage 


B: Zero line of alternating current 


C: Zero line of direct current (550 per-cent normal) 


the expanding ionized vapors form a path between 
that brush group and the train of arcs along the 
commutator. | ' 

The complete record of flashing, with its accom- 
panying details, is registered by the oscillogram. 
During the occurrence the ionized vapor, which has 
been created by sparking as the short-circuited coils 
emerge from under the brushes, forms an external 
path between brush groups. This path is in parallel 
with the armature winding, so that superposed upon 
thecurrent which flowsthroughthe armature coils isthe 
additional current of this external circuit. If,flashing 
has taken place it is therefore distinctly indicated by 
pronounced peaks which extend outside the otherwise 
smooth envelope to the alternating-current wave. A 
break in this envelope is thus a criterion of flashing. 

The oscillograms in Figs. 4 and 5 are illustrations 
of short circuits on a converter in which both possi- 
bilities of load removal are clearly shown. In Fig. 4, 
the envelope of the alternating-current wave re- 
tains its smooth characteristic during the entire time 
of short-circuit, and hence denotes that flashing 
did not occur. The alternating current dropped 
rapidly to a small value after the short-circuit had 
been cleared, and then, as synchronizing current, 


of a cycle, is very noticeable and shows the sudden- 
ness with which the load was placed on the converter. 
The only effect of this action to be seen on the film 
is the dip in the alternating current envelope as the 
armature dropped back and gave up of its kinetic 
energy. When the armature responded it undoubtedly 
swung backward too far because of its inertia, and a 
large synchronizing current accounts for the high 
peaks in the alternating wave after the direct current 
had decreased considerably. 

The oscillogram shows two regions of motor opera- 
tion of the converter and one region of generator 
action. Just beyond the point at which the direct 
current became zero, the machine flashed over, as 
evidenced by the breaks in the alternating-current 
envelope. This flash occurred during the favorable 
conditions accompanying motor action. The converter 
then passed through the period of generator operation 
and on into motor action again, during which the 
machine flashed over the second time. The fact that 
the converter flashed during both intervals of motor 
action, and not during generator action, bears out the 
theory that the conditions attending the first opera- 
tion are conducive to flashing while those accom- 
panying the second operation are not favorable. 


FLASHING OF SYNCHRONOUS CONVERTERS 


Influence of Frequency and Voltage Upon Flashing 

The higher the frequency of a synchronous conver- 
ter the greater is the flashing tendency. Being a 
synchronous machine, the frequency of the converter 
must bear a fixed relation to the speed and number 
of poles, assuming the same distance between poles 
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per min., the generally accepted value is approxi- 
mately 6000 ft. per min. 

Since the distance between two points that are a 
pole pitch apart on the commutator surface represents 
one-half cycle, it requires only 0.02 sec. on a 25-cycle 
machine for a segment to pass from one brush group 


Fig. 10. High-speed Photograph of Short-circuit Flashing on a 500-kw., 600-volt Synchronous 
Converter Having a Standard Circuit Breaker as Its Only Protection 


Fig. 11. 


High-speed Photograph of Short-circuit on Same Machine as Recorded in Fig. 10 
After the Addition of Flash Barriers. Had a high-speed circuit breaker been used 
in place of the standard breaker, even less arcing would have occurred 


This photograph and that in Fig. 10 were taken with a special multi-lens camera. In each 


photograph the same brush group is shown in each exposure. he 


rst exposure appears at the 


lower right and those which follow it appear tn succession toward the left across the bottom row, 


then toward the left across the row above, etc. 


and brush groups, and it thus follows that the periph- 
eral speed of the armature and commutator in- 
creases with frequency. Although in some instances 
commutator peripheral speeds have risen to 6500 ft. 


to the next. On a 60-cycle machine the time is lowered 
to 0.00833 sec.; and if a succession of small arcs 
between commutator bars persists for this length of 
time, flashing will occur. The diameter and peripheral 
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velocity of the commutator do not influence these 
values of time; they are dependent only on the 
frequency. It is therefore observed that a 60-cycle 
converter is more prone to flashing than is a 25-cycle 
machine. 

With the same diameter and peripheral speed of the 
commutator, the brush groups on a 25-cycle converter 
would be spaced 2.4 times as far apart as the brush 
groups on a 60-cycle converter. Hence, for the same 
potential between brush groups, the voltage gradient 
of the higher-frequency machine is much greater than 
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It will be of interest to consider briefly the pre- 
vention of, or protection against, flashing. This 
subject may be divided into these two parts: preven- 
tion and protection. 


Prevention 

The synchronizing currents, which are one of the 
primary links in the chain of events causing a flash- 
over, may be reduced in magnitude by preventing or 
limiting the magnitude of direct-current short-circuit 
currents. This may be accomplished in either of two 


Fig. 12. 


Two 1500-kw., 750-volt Converters in Series, Equipped 
with Flash Barriers and Protected by a High-speed Circuit 

Breaker, Photographed While Subjected to a Dead Short- 
circuit. No flash-over followed the disturbance 


that of the lower-frequency machine. A high gradient 
promotes flashing, since it tends toward increased 
arcing at the brushes and will better sustain the arcs 
once they are started. For this reason also, 60-cycle 
converters are more sensitive to flashing than are 
25-cycle converters. -Without exceeding normal 
speeds and gradients, it is possible to go to higher 
voltages with lower frequencies; and for a fixed 
potential gradient a 60-cycle machine, for example, 
could be designed for 750 volts and a 25-cycle 
machine for 1800 volts. 

The foregoing figures refer to converters operating 
under normal conditions. As has already been de- 
scribed, abnormal conditions—such as sudden large 
fluctuations in load—produce a voltage distribution 
along the commutator surface that may result in a 
gradient twice the average value. 


Fig. 13. A 1000-kw., 750-volt Converter, with Flash Barriers and 
High-speed Circuit Breaker, Photographed While Being 
Dead Short Circuited. No flash-over took place 


ways: by inserting limiting resistance in the direct- 
current feeders, or by using high-speed circuit breakers. 
The resistance method was early recognized and has 
been in use practically as long as traction systems 
have existed. In application, it 1s sufficient to carry 
the feeders out from the substation about 1500 or 
2000 ft. before connecting them to the contact system 
(trolley or third rail). This permanent resistance in 
the feeders limits the maximum value of short-circuit 
current and therefore limits the maximum displace- 
ment of the converter armature and the resultant 
synchronizing currents and reactions. Such pro- 
tection is far from complete because economy will 
not permit use of sufficient resistance to afford full 
protection. 

The type of protection offered by the high-speed 
circuit breaker is of more recent development. 
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The standard type of circuit breaker requires approxi- 
mately 0.25 sec. to completely interrupt the circuit. 
This is more than enough time for the armature of 
the average converter to fall back to the maximum 
displacement, which usually is reached in 0.1 to 0.15 
sec. The high-speed circuit breaker will completely 
interrupt the circuit in 0.015 sec. It is evident that the 
armature can decelerate but little during this short 
period. Consequently, the synchronizing currents 
and reactions are reduced in proportion. 

To decrease the amount of flux through the com- 
mutating zone under conditions of unbalanced arma- 
ture reaction, and hence to prevent severe sparking 
as the short-circuited coils leave the brushes, ‘“‘high 
reluctance” commutating poles are used. These poles 
are built with a thick section of non-magnetic material 
placed in the magnetic circuit next to the frame. 
To obtain the required commutating flux under 
normal operation the field turns are increased, raising 
the excitation from 40 to 120 per cent of that of the 
corresponding direct-current generator. 


Protection 

Various means are available for protecting against 
flashing. The simplest of these is to surround each 
brush group and its supporting parts with a non- 
conducting arc-resistant material. This does not 
prevent flashing and the formation of an arc across 
the commutator segments between points of maxi- 
mum potential difference. It does, however, prevent 
the transfer of arcing to the brush gear and thereby 
protects the vulnerable parts from damage. 

Still greater protection may be had by using flash 
barriers. These barriersconstituteindividual inclosures 
around each brush group being made upof arc-resistant 
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inert material and arranged so that they may be 
placed with the minimum clearance to the com- 
mutator. Their purpose is to prevent the spread of 
ionized conducting vapor and to deflect such 
vapors outward, away from the commutator, where 
they are mixed with cool air and rendered non- 
conducting. 

The formation of a complete arc between brush 
groups may also be prevented by directing a current 
of air axially across the commutator surface from the 
armature toward the outer end of the commutator, 
between each group of brushes. This current of air 
will sweep the arc off the commutator before it can 
form a complete path between brush groups. The air 
blast may be provided either by a separate blower or 
fan furnishing air to an inclosure about the armature 
from which the air issues through a circular opening 
at the inner end of the commutator, or a fan that 
forms an integral part of the armature may be used. 
Either of these arrangements for their best functioning 
requires that the diameter of the commutator be 
approximately equal to that of the armature. With this 
arrangement it is usual to extend the shaft so as to 
remove the bearing some distance from the end of 
the commutator. The bearing and its supporting 
pedestal are then completely insulated with non- 
conducting arc-resistant material. 

With the application of the means described for 
reducing the causes of flash-over and with the fore- 
going methods of protecting against the damaging 
effects of a flash-over—should it take place—this 
arcing no longer presents the problem it did years ago. 
As the result, converters of large capacity operate 
today under very severe conditions with perfectly 
satisfactory commercial performance. 


C.B.& Q. R. R. to Have Powerful Gas-electric Cars 


Eight of the most powerful single-unit gas-electric 
railway cars ever built will be used by the Chicago, 
Burlington and Quincy Railroad as a part of the large 
group of these vehicles being built up by that railroad. 
The program involves the use of more than 50 gas- 
electric cars. As fast as the new cars are delivered, 
they are replacing steam trains in light traffic and 
branch line service on various parts of the Burlington 
system. Early in 1927 five gas-electric cars were placed 
in service. In the middle of the same year eleven more 
were added; and an additional 36, built during the 
summer of 1928, are expected to be in service by the 
end of the year. 

The new and unusually large power plant with 
which eight of the latest cars are equipped represents 
a marked advance in the development of internal 
combustion engines for railway use. Each car is 
equipped with a 400-hp. eight-cylinder Winton engine. 


The engine drives an electric generator supplying 
power to two 220-hp. motors on the front trucks. A 
total of 400 hp. is thus available from the power 
plant, whereas the maximum available power from 
a single car heretofore has been from 275 to 300 hp. 
The new cars with the 400-hp. engines are provided 
with single-end remote control. 

Gas-electric drive was chosen for this service by 
the Burlington because of the saving in operating and 
maintenance expense, as well as increased reliability. 
It has been demonstrated that this saving with the 
use of gas power is from 40 to 60 cents a train mile. 
The 65-ft. cars are normally operated in two-car 
trains, the second car being a light 35-ton coach or 
combination baggage and mail car. The 75-ft. cars 
normally operate as a single unit. Loaded and 
equipped the 275-hp. cars each weigh approximately 
50 tons, and the 400-hp. cars 65 tons. 
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Recording Instruments in Cost Analysis 


By H. K. NOCK 
Engineering Dept., West Lynn Works 


and 
Switchgear Engineering Dept., Philadelphia Works 


H. S. EDGERLY 


General Electric Company 


OR many years recording instruments have been 
F used in electric generating stations to make a 
continuous record in permanent form of such 
factors of generating and distributing circuits as may 
interest the plant management. These records are a 
measure of the quality of service which the generat- 
ing utility furnishes to its customers. They also make 
data available for the analysis of power production 
costs. In the latter respect, recording instruments find 
their greatest service in general industrial applications. 
The investment in these instruments was not 
questioned because after all it constituted only a 
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Fig. 1. The New Type of Recording Instrument, Specially 
Designed for Industrial Applications 


very small percentage of the cost of the entire equip- 
ment. As to size, well, in the days gone by, space was 
available, so why not utilize it? 

Today, however, space is a very important factor 
as the varieties of instruments, control switches, 
relays for protection, etc., are increasing; while the 
panel size, if anything, must decrease. Especially 
is this true in the larger cities where space is at a 
premium. 

The United States is an industrial country, and 
the war and the succeeding years have given a tre- 
mendous impetus to industrial development. The 
country has demonstrated its ability to absorb the 
products of industry in quantity. This market and 
the development of industry through quantity pro- 
duction have gone hand in hand. 

It is almost axiomatic that production in large 
quantities should be accompanied by profits small in 
percentage. This combination requires of the indus- 
trial organization a heretofore unthought of degree 
of attention to detail. Wrong methods in one part of 


an organization, laxity of employees in following 
prescribed methods in another; these and other 
similar items quickly absorb the small differential 
between profit and loss. Analysis, and analysis in 
detail, is necessary to prevent such happenings. 

Not only does this natural tendency toward 
analysis exist but competition makes industry work for 
its bread and butter daily. Detailed analysis is most 
necessary to obtain a proper understanding of all the 
cost-making factors and their relation to the com- 
petitive situation. 


Fig. 2. Ten Recording Instruments of the New Type Mounted in 
Compact Arrangement on a Panel 


Industry has come to depend almost entirely upon 
electric power. The factors of electric power are most 
convenient of measurement. It is possible, therefore, 
to obtain a general analysis of industrial-plant oper- 
ations and detailed analysis of their power-driven 
equipment very simply with electric instruments. 
Particularly is the recording instrument useful in this 
respect. It may be placed anywhere. Attendance is 
unnecessary. After a prescribed interval it may be 
examined and its story found as a permanent 
record. 

Recording instruments have not hitherto found 
general application in industry at large, mainly be- 
cause they have not been produced in forms directly 
suitable to the purpose. The instruments that were 
designed primarily for generating-station service 
were designed for maintenance by skilled operators. 
Such devices could not take a proper part in a study 
of industrial operations. Recording instruments are 
now built which no longer require the services of a 
skilled attendant for routine up-keep. 


RECORDING INSTRUMENTS IN COST ANALYSIS 


Designers no longer attempt to modify for indus- 
trial use the recording instruments which are pri- 
marily intended for central-station service. Instead, 
they have developed a complete new design from the 
industrial point of view. The new device is an un- 
usually sturdy recording instrument. Electrically, 
however, its record has all of the high-accuracy 
features of its counterpart on the generating-station 
switchboard. 

The question of cost has also received careful con- 
sideration, because of the great need for this type of 
instrument in the industrial field. It isself-evident that 
it would not be profitable to invest a large sum of 
money in a device to check operations when several 
months or perhaps years would be required to liqui- 
date the investment through the savings that may 
accrue through its use. 
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The requirements of a compact instrument having 
been fulfilled, attention was given to improving the 
details of construction with respect to maintenance. 
On the front of each cover are two pull buttons. With | 
one pull on each of these, the cover comes completely 
off the instrument, leaving it entirely free for inspec- 
tion. The carriage, on which is mounted the scale and 
which also carries the record roll, may be gripped with 
the-hand and pulled forward to any position. Here 
its paper may be replaced with a new roll as easily as 
loading a kodak. After servicing with new paper, the 
chart carriage may be pushed back into place and 
the cover shoved into position. The pull buttons 
may be sharply slapped with the hand or fist, 
locking the cover in place. In brief, the modern 
recording instrument may be serviced by unskilled 
attendants. 


Fig. 3. The Alternating-current Voltmeter 
with Chart Carriage in Forward 
Position 


The requirements of today are for a recording in- 
strument of such size that it can be mounted in four 
vertical rows on a panel 24 in. wide, that will be of 
reasonable cost, be a high-grade instrument electri- 
cally, and have mechanical features that make it of 
sturdy construction and easy to service by an inex- 
perienced man. 

Recording instruments are now available which 
are only 514 in. wide, of 12-in. vertical dimension, and 
project but 9 in. from the mounting surface. Theback- 
connected type may be mounted on 514-in. centers. 
They may be mounted side against side and top 
against bottom. Ten such instruments occupy less 
than three square feet of panel space. The records 
are 4 in. wide from zero to full scale. Each instru- 
ment presents at a glance the picture of several hours 
of past operation and a clear indication on a large 
indicating scale of the pen’s present position. These 
are seen for each instrument as one eye-full. As one 
looks at such an instrument these factors of interest 
predominate; its cover appears as a small frame about 
the picture. 


Fig. 4. The Direct-current Recording Voltmeter 
with Cover Removed and Chart Carriage 
in Place 


Fig. 5. The Direct-current Voltmeter with 
Chart Carriage Tipped Forward for 
Reloading or Inspection 


These small-space requirements and the improved 
facilities of routine servicing have made recording 
instruments attractive to industrial management 
and they now play a daily part in industry. Their 
records form the basis of the necessary analyses of 
plant operations. Recording instruments in the power 
circuits that feed a plant inform the management as 
to how much time is wasted. Graphically is told a 
story of how long each morning or afternoon a plant 
takes to reach normal productive activity. Recording 
instruments on individual units of equipment reveal 
stories of idle time, or show details of operating cycles. 
In the case of inter-related equipment, recording in- 
struments determine whether each part is perform- 
ing properly in relation to each other part. 

The peak load of an industrial plant that purchases 
its power may be largely instrumental in determining 
the cost of the power. A recording instrument in the 
circuit feeding such an industrial plant would draw 
a graphic picture of the power fluctuations. Such a 
picture would immediately suggest the making of a 
study to determine if several large power-consuming 
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RECORDING INSTRUMENTS IN COST ANALYSIS 


devices then working simultaneously could not be 
made to operate alternately, thereby greatly reducing 
the peak-power demand. The maintenance depart- 
ment of any industrial manufacturing plant requires 
recording instruments of the portable type. With 
these it is possible to make checks for overloads on 
circuits or machines. Additions to power require- 
ments of a plant, accompanying expansion, and the 
choice of proper horsepower capacity of motor-driven 
equipment are thus made intelligently. 

Centralized measuring of energy as supplied to 
departments has become standard practice, and has 
proved valuable for general accounting purposes. 
With each department installation of this kind there 
should be a recording instrument to graphically 
draw the picture of the department’s activities in 
total. The major machines should also be similarly 
equipped. A large machine-tool investment when idle 
or improperly utilized wastes money. Recording in- 
struments tell a story of operation which cannot be 
refuted. 

Competitive industry today cannot live without 
analyses of its whole and component parts in ever- 
increasing detail. Recording instruments remove the 
human element from such analyses and in fact do 
more than could ever be accomplished with strictly 
human agencies. 

Some possible applications for recording instru- 
ments are as follows: _ 

Assume a large building in which several elevators 
are installed. By using zero-center wattmeters, it is 
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very easy to determine from the records as to whether 
the elevators are operating to capacity. 

In steel mill work it is very easy to learn how many 
times the mill was idle, and subsequent investigation 
will disclose the cause and may provide a remedy for 
the future. 

Another application is in the checking of machines 
that operate intermittently. By the use of a recording 
wattmeter, the total power consumption can be de- 
termined as well as a graphic picture showing how 
often and when the unit starts and stops. 

The advantage of installing recording instruments 
on individual machines is mutual to the operator and 
the company. Both are furnished with an actual pic- 
ture of the work done. As an example, in one factory 
a bias cutter was piece-rate priced on the basis of a 
definite number of strokes per minute. The operators 
complained that the machine was running at less than 
the agreed speed and they could not therefore earn 
the specified rate. After the installation of a recording 
wattmeter the operators became satisfied for, with a 
chart speed of 12 in. per min., it gave a clear record 
of operation at the agreed speed. 

Almost everyone connected with industry realizes 
the importance of maintaining a graphic curve to 
show progress in production, volume of output, etc., 
because curves can be visualized much quicker 
than a corresponding list of figures. The same 
argument holds true of records of detailed operations, 
and recording instruments furnish these records 
automatically. 


Giant Reactors 


The world’s largest reactor, from the point of view 
of both size and electrical capacity, is a neutral 
grounding reactor rated 80,000 kv-a, on a four-minute 
basis. It was built at Pittsfield, (Mass.) and is 
installed at the Westport Station of the Consolidated 
Gas and Electric Light and Power Company of Balti- 
more, (Md.). It stands over nine feet high, and weighs 
eight tons. The reactor is of standard cast-in concrete 


design and is supported on eight extra-heavy porce-. 


lain insulators. 

This reactor is the head, so to speak, of a family of 
giant reactors manufactured in recent months. Several 
others have been built for the Brooklyn Edison Com- 
pany for its Hudson Avenue station. The line bus 
for the 137,500-kv-a. turbine generator 1s connected 
to the synchronizing bus through these reactors. Each 
unit is rated 4583 kv-a., 2880 amp., and introduces 
10 per cent reactance between these two buses. 
These reactors are the largest ever built for a circuit 
voltage as high as 27,600 volts. In physical dimensions 
they are over nine feet high andofsimilarconstruction 
to the giant supplied to the Consolidated Company. 


Another group belonging to this family are 19 
2750-kv-a. oil-immersed units to be used in section- 
alizing the 22,00Q-volt bus of the State Line Generat- 
ing Company’s station at Hammond (Ind.). The 
ultimate generating capacity to be connected to this 
bus is expected to be in excess of 1,000,000 kv-a. 
These reactors are the largest ever built of the type 
in which all live parts are completely inclosed in metal. 
Each reactor will be connected to the bus by means 
of lead-covered cable, the lead covering making a 
wiped joint with a brass casting bolted to the trans- 
former tank. In this particular station the buses, 
switches, and reactors are completely inclosed in metal 
and require no protection from the weather. 

Still another large reactor is the iron core type unit 
recently installed at the Amite (La.) substation of 
the Louisiana Power Company for neutralizing part 
of the charging current on their 240-mi. 110-kv. trans- 
mission line. This reactor is connected directly across 
the secondary bus; and when operating at 24,000 
volts, draws a current of 109 amperes. It is the largest 
for this class of service ever built. : 
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Motion Picture Photography with Mazda Lamps 


Color Quality with Respect to Panchromatic Emulsion—Intensity— Distribution—General 
and Modelling Lighting Requirements—Lighting Units Are Convenient to Move 
About, Are Clean and Quiet in Operation, and Require Minimum Attention 


By C. E. EGELER and R. E. FARNHAM 
Engineering Department, National Lamp Works, General Electric Company 


URING the past year the 
D outstanding advance of 

the motion picture pro- 
ducing industry has been the 
-increasing adoption of sound bus- 
iness policies, involving a careful 
analysis of every phase of oper- 
ation with a view to reducing 
production costs. A second de- 
velopment of importance has been 
the great popularity of the pan- 
chromatic film, due to its ability 
to register all colors. 

These two factors have hada 
profound effect upon studio light- 
ing practice. Together, they ac- 
count largely for the rapid trend 


toward incandescent lighting, partly because of the 
economies it affords and partly because the spectral 
characteristics of the light of the high-efficiency gas- 
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Fig. 1. The Mazda Lamp and the Panchromatic Emulsion Provide 
a Well-balanced Photographic Effect Throughout the Visible 
Spectrum, Since the Light Output of the Mazda Lamp is 
Greatest in Those Regions Where the Panchromatic 
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The general trend toward in- 
candescent lighting 1s now extend- 
ing successfully into the taking of 
““movies,’’ because the color spec- 


trum of such lamps so affects a 
panchromatic emulsion as to pro- 
duce an exceptionally good mono- 


chromatic record of color varta- 
tions. In addition to possessing 
this combined scientific and artis- 
tic qualification, these lamps have 
many operating advantages with 
respect to production work. 
—EDITOR 


characteristic energy distribution 
of the incandescent lamp meets 
this requirement, and it is evi- 
dent from a comparison of the 
two curves that light from the 
incandescent source is particu- 
larly suited to provide balanced 
photographic registration on the 
panchromatic film. No filters are 
required. 

As a result of their experience 
in the use of Mazda lamps for 
motion-picture photography, 
studio staffs have found that: 

(1). The number of men neces- 

sary to handle incandescent 
lighting equipment for a 


set of medium size is only 8 to 12, where 
20 to 30, or even more, have heretofore been 
employed. 


700 800 Fig.2. The Sharpness of a Shadow Depends Upon the 
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Size and Distance of the Light Source 


k The lighter weight of the incandescent lighting 
equipment allows it to be handled more easily 
and quickly, and it is now possible to photo- 


graph more sets in a given time. Likewise, 
lighter and less expensive overhead supporting 
structures suffice. 


filled Mazda lamp meet the requirements of the pan- (3). Since well-designed incandescent equipment 
chromatic emulsion particularly well. Curve A in utilizes the light very efficiently, the electrical 
Fig. 1 shows that the panchromatic emulsion, while energy which studios have found necessary to 
it registers all colors, is not as sensitive in the illuminate sets has been reduced to one-half or 
yellow-red as in the violet-blue regions; therefore even one-third of that previously employed. 
relatively more light is needed in the yellow-red (4). The light from incandescent lamps is absolutely 
region to obtain the desired photographic registra- steady, thus eliminating retakes because of in- 
tion of these colors. As shown by Curve B, the tensity variations. 


Film is Least Sensitive 


Curve A: Relative seniitivity of the panchromatic emulsion. i 
Curve B: Relative energy and light output of the clear Mazda lamp. 


MOTION PICTURE PHOTOGRAPHY WITH MAZDA LAMPS 


(5). Since the incandescent lamp operates equally 
well on alternating and direct current, the heavy 
investment and operating expense of motor- 
generator equipment is no longer necessary. 
Thus the electrical installation can be extended 
at a fraction of the cost formerly required. 

In fact, the incandescent lamp has always been 
favored over other illuminants where it could be 
applied, because of its inherent operating advantages, 
such as constant color quality, quiet operation, clean- 
liness, and minimum of attention required. In the 
studios lighted by incandescent lamps, the actors 
do not photograph differently as they move about the 
set in the range of the several lighting units; and since 
less make-up is necessary the effects are more natural. 
In addition, there is no danger of the actors’ old bug- 
bear, ‘“‘Klieg-eye.’’ Delays incident to lamp operation 


Fig. 3. Reflection of Light from Polished Metal or Mirrored 
Glass Has Directional Control but no Diffusion 


are practically eliminated and periodic airing of the 
set to remove smoke is no longer necessary. The 
noiseless feature of the incandescent lamp is a quality 
which is essential for pictures in which sound is 
recorded. : 

Since the lamps may gradually be brought from 
total darkness to full brilliancy, or vice versa, by 
means of regulators of the induction type or resistors 
similar to those used in theatre service, effects that 
could not be obtained heretofore are made possible: 
A point that is sometimes overlooked is that the light 
of the incandescent lamps used for motion-picture 
photography does not follow the cyclic variation of 
the current when used on alternating-current circuits 
of standard frequencies; thus there is complete free- 
dom from flicker at all standard camera shutter speeds. 

As previously touched upon, an outstanding feature 
of the incandescent lamp is that it lends itself to the 
design of equipment which will efficiently utilize and 
direct the light where it is desired. Full advantage 
may be taken of this characteristic by using equip- 
ment particularly designed for the Mazda lamps which 
are adapted to this field. 


Lighting Requirements 
Color quality, intensity, distribution, and direction 
are the important factors in the illumination of the 
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motion-picture studio. Given a satisfactory color 
quality, there remains a need for such control in 
directing the light that the various parts of the set 
may appear in the proper relative brightness, with 
the highlights and shadows at the immediate com- 
mand of the director so that he may give each scene 
the precise feeling and action he desires. 


$ 


Fig. 4. With Reflection from a Mat Surface the 
Light Control is Lost 


The intensities of 1!lumination should be. sufficient 
to produce the desired densities in the darkest parts 
of the picture and yet, for the brightest areas, come 
within the latitude of the film emulsion. Otherwise, 
lack of detail and contrast can be expected. Data on 
practical working intensities are presented in a later 
section of this article. 

Photography is a record of contrasts, highlights, 
and shadows. The location of the highlights and 
shadows is obviously dependent on the placing of the 
lighting units. Their size is dependent on the size of 
the source, its distance from the surface, and the 
character of the surface. The degree’ of shadow sharp- 
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\ 
Fig. 5. Reflection from Treated Aluminum Has Directional 
Control with Slight Diffusion i 


ness depends not only on the size of the sourte but 
also on its distance from the surface, as shown in 
Fig. 2. 

The contour and nature of the surface of a reflector 


determine the candle-power distribution which will 


be obtained with a given light source. Polished metal 
and mirrored glass, for example, reflect light beams as 
shown in Fig. 3; the angle Y, which the reflected 
rays make with the normal to the surface, is always 
equal to the angle X. A mat surface, on the other 
hand, diffuses the light in all directions, Fig. 4, 
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regardless of the angle from which it is received, and 
therefore permits of but little control. Porcelain 
enamel diffuses most of the light in this manner. 
Aluminum with a treated or semi-mat finish reflects 
light as shown in Fig. 5; here most of the light 1s 
reflected in the same general direction ab as though 
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Fig. 6. The Illumination Intensities Employed for This Set of Medium 
Size Are Shown in Foot-candles by the Figures (G: General 
Lighting; M: Modelling Lighting) 


Fig. 7. This Diagram Shows Intensities for a 
Typical Close-up 


the surface were polished, but with controlled diffu- 
sion, giving what is known as spread reflection. 
Essentially the same effect can be obtained by 
rippling or otherwise configurating the surface of 
mirrored glass. This spread type of reflection is 
particularly adapted to reflectors for general lighting, 
since most of the light can be sent into the desired 
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directions by selecting the proper contour and finish, 
which will also eliminate the beam striations or source 
images obtained with a smooth polished or mirrored 
surface. 

For practical consideration, it is convenient to 
classify motion-picture lighting as general and model- 
ling. The purpose of the general lighting is to provide a 
ground-work illumination that is fairly uniform in 
intensity throughout the set. It not only illuminates 
the areas that the modelling lights do not serve, but 
allows control of shadow density over the entire set. 
For the more usual cases, the general lighting should 
not model the actors or create noticeable highlights 
and shadows; this is the function of the modelling 
lights which the lighting director employes to create 
the effects desired. 


Fig. 8. Broadside Units Directing Most of the Light Through 
Horizontal Angles of 60 deg. Give Good Coverage 
with Minimum Waste of Light 

General Lighting 

The intensities required for general lighting will 
vary with the nature of the set, the action, and the 
colors of the properties. An extensive survey was 
conducted in prominent studios to determine the 
illumination levels employed in all types of scenes, 
both with incandescent and arc lighting. Fig. 6 shows - 
the general illumination intensities in foot-candles 
found in a typical set of medium size. The modelling 
units were turned off and the illumination measured 
at the stations indicated. Fig. 7 shows in a similar 
manner the intensities for a typical close-up. The 
studies of the general lighting conditions obtained 
on a variety of sets and of the other factors involved 
show that the general lighting equipments should be 
capable of providing from 200 to 500 foot-candles 
at distances of from 6 to 18 ft. 


Broadside Units 


Ordinarily the camera is aimed nearly horizontally 
and hence the illumination on vertical surfaces is 
most important. For the smaller sets much of the 
action usually occurs over areas from 6 to 12 ft. 
deep and the intensities required can be best pro- 
vided by lighting equipments placed across the front. 
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The lighting units used for this purpose are called 
broadsides. 

Broadsides should be capable of providing fairly 
uniform illumination through horizontal and vertical 
angles of approximately 60 deg., and the horizontal 
angle of cut-off should not be greater than 90 deg. in 
order to restrict the illumination intensities on 
the side walls of the set. Fig. 8 shows the areas 
covered by units giving 60-deg. distributions hori- 
zontally. If the horizontal distribution is much 
less than 60 deg., the general illumination of the set 
becomes spotty and difficulty is encountered in secur- 
ing uniform lighting, or else a larger number of units 
are required to gain the desired uniformity. For 
angles greater than 60 deg., much light is wasted and 
the side walls of the set may become undesirably 
bright. Reference to Fig. 9 shows that a 60-deg. 
spread also meets the vertical angular requirements, 
thus making possible a reflector of symmetrical con- 


Fig. 9. A Vertical Spread of 60 Deg. Meets the Requirements of 
Both Overhead and Broadside Lighting Units 


tour with its attendant higher efficiency and lower cost 
of manufacture. In reaching this conclusion about the 
angular requirements of broadsides, sets ranging 
from a “‘close-up’’ to one of almost indefinite width 
have been considered, although sets 15 to 20 ft. wide 
by 20 to 35 ft. in depth have been given special 
consideration owing to the prevalence of these sizes. 

Fig. 10 is a candle-power distribution curve for a 
broadside lighting unit which meets the requirements. 
The candle-power values at the center of the beam are 
well maintained between 25 and 30 deg. from the 
axis, to improve the uniformity of illumination. 

Fig. 11 shows the contour of a semi-mat aluminum 
reflector designed for the PS-52 bulb lamps to 
give the beam spread shown in Fig. 10. Its diameter is 
18 in. and its depth about 13 in. By proper treatment 
of the surface, the semi-mat reflection characteristics 
can be held within close limits. It will be noted that 
the reflector in Fig. 11 is so designed that the lamp is 
normally operated in the base-up position. The 
performance of the lamp is materially better if it is 
operated in this rather than in a horizontal position. 

Semi-mat aluminum reflectors for general lighting 
have the advantages of high efficiency, low first cost, 
and light weight. In practice, the surfaces require re- 
treating at periodic intervals to maintain their 
reflection efficiency unless cover glasses are employed 


(1)‘*PS-52”" is the trade designation of a particular size of pear-shaped 
amp bulb. See column 6 of Table III. 
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on the units. Reflectors in which the surface is con- 
figurated mirrored glass also have high efficiency, but 
their first cost is higher, and their weight is greater; 
also, they are subject to breakage but are readily 
cleaned by washing. 

When it is necessary for the actors to look directly 
into a lighting unit, as is usually the case in close-ups, 
some form of diffusing material should be used to 


Fig. 10. Desirable Candle-power Distribution for 
Broadside and Overhead Equipment 


L 


Fig. 11. Contour of Reflector to Give the Candle-power 


Distribution Shown in Fig. 10 


shield the bright lamp filament from the eyes. This 
shield should be placed near the lamp, and it should be 
of small size so that it will intercept only a little of 
the light from the reflector. 

The 1000-watt and 1500-watt PS-52 bulb standard 
Mazda lamps meet the usual requirements for general 
lighting. On the larger sets, or where the higher in- 
tensities are required, the 2500-watt PS-52 bulb lamps 
can be employed. 

Eight of the 60-deg. broadsides with the 1000-watt 
lamps arranged in the usual manner across the front 
of a set 20 ft. wide will give a practically uniform 
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intensity of 250 foot-candles 12 ft. back from the front 
of the set. At 18 ft., the intensity is over 100 foot- 
candles, exclusive of the light received from the over- 
head general lighting equipment. Proportionately 
higher intensities are, of course, obtained by using 
1500-watt or 2500-watt lamps. 


Overhead Units 


For the deeper sets, overhead units are needed to 
send light to the rear areas that cannot be illuminated 
satisfactorily by the broadsides. If the light output of 
the broadsides were increased sufficiently to provide 
ample light in the rear, the 
illumination intensities 
nearer the front would be so 
high that the modelling 
lights would make relatively 
little impression—hence the 
need of equipment capable 
of directing light into the 
rear parts without increas- 
ing the illumination at the 
front. Such units must be 
capable of supplying higher 
illumination on the vertical 
than on the horizontal sur- 
faces. 

Since the overhead units 
are placed across the set 
similarly to the broadsides, 
it is found here also that 
the 60-deg. horizontal and 
vertical distributions meet 
the requirements, thus per- 
mitting the use of a sym- 
metrical reflector similar to the broadside in contour. 
As shown in Fig. 9, the overhead units are suspended 
so that the center of the beam will be directed from 
about 30 to 45 deg. below the horizontal. Such an 
arrangement gives a relatively high illumination on 
vertical surfaces as compared to the illumination on 
horizontal surfaces, with a minimum of wasted light. 
As in the case of the broadsides units, the overhead 
units employ PS-52 bulb lamps of 1000 to 2500 watts. 


Fig. 12. The Use of Individual 
Reflectors for Each Lamp in 
a Strip Unit Increases the 
Amount of Light in Useful 
Directions 


Strip Units 


Frequently, owing to space limitations, it is neces- 
sary to illuminate the set from room corners, or 
through doorways, where it is not possible to place 
the usual broadsides. For this purpose the so-called 
“strip light” has application. It is generally mounted 
vertically, close to the surfaces to be illuminated, anda 
spread of about 90 deg. is required. It has been the 
practice to place five lamps in a metal trough but this 
design has the disadvantage of too wide a beam spread, 
especially in planes lengthwise through the unit. 
Placing an individual aluminum reflector behind each 
lamp, as shown in Fig. 12, greatly increases the amount 
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of light sent in useful directions; 1000-watt PS-52 
bulb lamps are used in these reflectors. Switches should 
be provided to permit turning off any of the lamps of 
the group and thus control the volume of the light. 
The unit should be capable of being suspended verti- 
cally or horizontally above the set. 

Where extreme compactness of lighting equipment 
is required, as for example for lighting from behind 
trees and columns, a strip light employing a semi- 
circular enameled-steel reflector, containing five 
1000-watt T-20 bulb lamps™ placed with their 
axes in the axis of the reflector, has found favor. Here, 
light control is sacrificed for compactness. A unit of 
this shape utilizes the light distribution from the 
modified monoplane filament construction of the 
1000-watt tubular lamp to good advantage. 


Fig. 13. Optical Elements of Usual Modelling Unit. The 
light from the outer zones of the reflector is wasted 
when the beam is spread 


It is interesting to note that the two units just 
described have no counterpart among the older light 
sources. They illustrate the flexibility of the incan- 
descent lamp for this service and indicate the new 
lighting effects it makes possible. 


Modelling Lighting 

Alone, the general illumination of any motion- 
picture set is not satisfactory, as the faces appear flat 
and the various actors seem equally conspicuous from 
the illumination standpoint. To model the features 
properly, to give emphasis to certain actors, and to 
create depth, additional lighting is employed to give 
much higher intensities over limited areas. Intensities 
ranging from two to four times that of the general 
illumination are required to produce distinct high- 
lights, although a higher ratio may sometimes be 
desirable. The modelling units must be capable 
therefore of producing intensities from 200 to 1500 foot- 
candles, over areas ranging from 3 to 12 ft.in diameter, 
at distances from 12 to 30 ft. or more. The modelling 
lighting intensities for the set shown in Fig. 6 average 
about twice the general lighting values. Here the 
modelling effect is taken care of almost entirely by 
medium and high-power light projectors. A study of 
the areas in which modelling lighting is employed for 


(?)''T-20"" is the trade de Ria non of a particular size of tubular lamp 
bulb. See column 6 of Table III. 
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all types of sets shows that the usual requirements for 
each of these units are as given in Table I. 

The desirable characteristics of modelling lighting 
equipment are: 

(1). Continuous range of beam divergence within 

the limits given in Table I. 

(2). No light outside the beam. 

(3). Reasonable uniformity of intensity over the 

area illuminated. 

(4). High efficiency of light utilization. 

(5). Adjustability from directly downward to di- 
rectly upward, and 360 deg. in ahorizontal plane. 
_ Since it is necessary to confine the light within 
relatively narrow spreads, mirrored-glass or polished- 
metal reflectors of accurate contour, or refracting 


Fig. 14. In This Design, the Front Opening is Large Enough to 
Pass All of the Spread Beam. A spherical mirrored-glass 
reflector is used in front of the lamp 


lenses, are possible means of meeting the beam-spread 
requirements. The single plano-convex lens intercepts 
only a relatively small percentage of the light and 
should be used in combination with a spherical mir- 
rored reflector; but even with this combination the 
highest part of the range (indicated in the last colmun 
of Table I) is not obtained. These values are possible, 
however, with the mirrored-glass paraboloids which 
intercept about four times as much light as the 
equipment employing a plano-convex lens and a 
spherical-mirrored reflector. The range of variation 
in spot diameter with the parabolic reflector is less 
than with the lens, and therefore cover glasses of 8 to 
16 deg. spread should be provided to obtain the full 
range. There are also possibilities in the way of 
modifications in the parabolic contour to produce a 
wide range of beam spreads without too low relative 
intensities in the center of the beam. However, it is 
difficult to obtain sufficiently accurate metal parabo- 
loids. Furthermore, in order to produce a surface 
which is resistant to tarnish and abrasion, such as 
chromium plate, one must sacrifice as much as 25 to 
30 per cent in reflection factor. - 

The usual design is shown in Fig. 13, where pro- 
vision is made for moving the lamp along the reflector 
axis to change the beam spread. Built-up or strip-glass 
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cover doors minimize breakage. Ground surface gela- 
tin has often been used but is less efficient, and it has 
the further disadvantage that it is difficult to obtain 
the exact spreads desired. Since the source of the 
incandescent lamp is somewhat larger than an arc 
crater, the shadows are not so sharp as those obtained 
with an arc spotlight. The slightly softer edges of the 
shadows are of course desired much more often. 

The light utilization is increased about 35 to 40 
per cent by the use of a spherical mirrored-glass 
reflector in front of the lamp, as in Fig. 14. This re- 
flector intercepts the light emitted toward the set 

TABLE I 
REQUIREMENTS FOR MODELLING LIGHTING UNITS 


S B Light 
Type | Drein Throw Derdens Volume ot 
| (Feet) (Feet) (Degrees) (Lumens) 
12-ft. } 
14 to 28 
Medium) 3156 | 12t020 |W/ | 1,400 to 
Power | 20-ft. \ 8 to 17 42,000 
| | Throw f vo 
20-ft. } 
, 12 to33 
High 4to12 | 20 to 50 Throw 2,500 to 
Power and upward' 50-ft. } 8to 14 170,000 
| Throw 


(little of which falls in the beam) and sends it to the 
main reflector. The spherical mirror is set so that its 
center of curvature is in the light source. It should 
intercept at least the maximum solid angle of light 


_utilized by the paraboloid. The housing need be no 


deeper than is necessary to intercept the stray light 
which 1s not utilized by the optical system. Search- 
light cylindrical-type: housings have been generally 
employed with the parabolic reflector units with the 


TABLE Il 
LAMPS FOR MODELLING UNITS 


Parbolic Reflector Reflector Diameter 
Unit (Inches) 


Lamp 
115-volt Class 
18 2,000-watt G-48 


Medium Power 24 5,000-watt G-64 


24 { 5,000-watt G-64 
High Power 10,000-watt G-80 
36 10,000-watt G-80 


result that a considerable amount of light strikes the 
housing and is lost when the beam is diverged by 
moving the lamp toward the reflector. The design in 
Fig. 14 eliminates this loss through the use of a 
larger housing and cover-glass diameter. 

The lamps for these units have G-48, G-64, and 
G-80 bulbs,® and have concentrated monoplane 
filaments to produce beams of minimum spreads with 
good uniformity. The types that are suitable for the 
several units are listed in Table II. 


(3)''G-48, G-64. and G-80"' are trade designations of particular size of 
globular lamp bulbs. See column 6 of Table fri. 
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Equipment Maintenance 

Dust or dirt on lamps and reflector surfaces greatly 
reduces their efficiency; the loss may be as high as 50 
per cent. The lamps and lighting units should be 
cleaned periodically, and the reflector surfaces kept in 
good condition. The cost of this maintenance is really 
an investment which returns large dividends and its 
importance cannot be over-emphasized. 


Mazda Lamps 

Table III lists the principal types of Mazda lamps 
applicable to studio photography. The pear-shaped 
(PS) bulb lamps are best adapted to the general 


Fig. 15. 2000-watt Lamp with Prefocused Socket 


lighting units, and the round (G) bulb lamps to the 
modelling lighting equipments. The tubular (T) bulb 
lamps are projector types which have special applica- 
tions in this field because they provide maximum 
light output for their bulb sizes, subject to certain 
limitations in operating position. 

The new prefocused base and socket, shown in 
Fig. 15, automatically insure accurate positioning of 
the lamp filament with respect to the reflectors of the 
modelling units. The bayonet construction permits 
very rapid insertion and removal of the lamps. 

Data obtained on the best filament operating tem- 
peratures for panchromatic film indicate that color 


temperatures of about 3125 deg. should be used. This 
corresponds to lamp efficiencies of 24 to 27 lumens per 
watt and 200 to 400 hours’ life. Operated at lower 
temperature and longer life, there is less light in the 


Fig. 16. An Arrangement of Incandescent General and Modelling 
Lighting Equipment on a Typical Set of Medium Size 


Fig. 17. Artistic Modelling Governs the Location and 
Choice of Units for Close-ups 


blue-violet end of the spectrum. The PS bulb lamps, 
as made for general service, are designed for 1000 
hours’ life. Since a higher temperature is desirable for 
photographic use, they should be operated at 10 volts 
above their labeled value; in other words, 105-volt 


TABLE Ill 
MAZDA LAMPS FOR MOTION-PICTURE PHOTOGRAPHY 


— qq“ mm O ,—_—_— —_—_ | —-—-——————————————————-- c [M S| _-_ L | Oe OOOO 


) Volt- Bulb takers 
Service Watts eee. . Shape ameter 

General 1,000 115 Pear Shape 61% 
General 1,000 115 Tubular 2% 
General 1,500 115 Pear Shape 61% 
General 2,500 115 Pear Shape 61% 
Modelling | 2,000 115 Globular 6 
Modelling | 5,000 115 Globular 8 
Modelling | 10,000 115 Globular 10 


Light 
Bulb Center Fil. Overall Operating 
Desig- Length Base Pe 
reno P ai a Const. (Inches) osition 
PS-52 91 C7A 13% Mogul Any 
T-20 434 C13A 914 Mogul* Base down 
PS-52 914 CTA 13% Mogul Any 
PS-52 9% C7A 13% Mogul Any 
G-48 54% C13 85% Mogul* Base down 
G-64 C13 15% Prong Base down 
G-80 12 C13 20 Prong Base down 


*Also made with the prefocused type of mogul base. 


MOTION PICTURE PHOTOGRAPHY WITH MAZDA LAMPS 


PS bulb lamps should be used on 115-volt circuits. 
Thus the cost advantage of using standard lamps 
of large production is retained, without the sacri- 
fice of the quality important in photography. 
The G bulb lamps are designed for photographic 
service, and therefore should be burned at their rated 
voltages. 

While the PS bulb lamps will operate in any posi- 
tion, they give better life and candle-power main- 
tenance when burned in the base-up position, and it 
is therefore desirable that the lighting units be de- 
signed so that these lamps will normally operate 
base up, t.e., that the sockets be in the top rather 
than in the side of the reflector. The G bulb lamps are 
made to be operated vertically base down, or within 
45 deg. of the base-down position. The T bulb lamps 
are for operation vertically base down, or within 25 
deg. of this position. Lamps burned in other than these 
positions usually give shorter life and poorer candle- 
power maintenance. 


General Considerations 

Some twenty units of four different types are shown 
for the illumination of the set in Fig. 16. For the 
close-up in Fig. 17, but two different types are 
employed. These two sets are typical of many of 
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the scenes to be photographed, and the arrangements 
shown are only two of several which may be em- 
ployed to advantage. 

The lighting of a studio set differs from the usual 


illumination design problem in that each new set 


may present aspects which are different from those 
of preceding scenes. There is no standardization of 
the lighting, nor is this suggested; however, there can 
be standardization of the lighting equipment, so 
that with units of known performance and charac- 
teristics there will be a minimum delay for all con- 
cerned as the scene and the lights are changed. The 
wattage required with equipment of best design may 
be only one-half as much as that needed with some of 
the units in use today. 

The lamps and reflecting equipment are but tools 
with which the lighting director works to produce 
attractive and effective photographs. Just as the artist 
works with paint, brush, and canvas, so the cinema- 
tographer uses light, lenses, and film to paint the 
screen picture. With lighting units available which can 
produce the fundamental lighting effects with a mini- 
mum of attention to their use and operation, the 
creative ability of the producing artist can be em- 
ployed with complete freedom and his best talents be 
exerted in the production of screen pictures. 


Captain Remy is Snubbed by Antoinette in ‘‘ Louisiana’’ Under Incandescent Lighting 


656 December, 1928 


GENERAL ELECTRIC REVIEW 


Vol. 31, No. 12 


Two-stage Current Transformers 


Considerations of Accuracy—The Two-stage Transformer—Electrical Relationships— 
Watthour Meters for Two-stage Measurements—Testing for Rotation— 


Summary of Special Features 


By W. K. DICKINSON and M. S. WILSON 


Meter and Instrument Engineering Department, West Lynn Works 


O great has been the increase 
in the use of electrical energy 


during recent years that 
conditions, now involving mil- 
lions of dollars annually, have 
made the measurement of power 
consumption with a minimum 
possible error a matter of exceed- 
ing importance. To meet such 
exacting requirements, great im- 
provements have been made in 
the accuracy of measuring devices, 
especially in watthour meters. 
Since the measurement of large 
blocks of energy involves the 


General Electric Company 


Molehills become mountains in 
literal truth when sufficiently mul- 
tuplied. Thus, if an average error 
of one-tenth of one per cent in 
power metering had persisted in 
this country during 1927, seventy- 
five millions of kilowatt-hours 


would have been improperly ac- 
counted for. This and forthcoming 
articles will describe improve- 
ments by special design, espe- 
cially in those transformers for- 
merly considered unfit for use in 
accurate measurements.—E DITOR 


Consequently, where high-grade 
metering is desired, it has been 
impossible to employ satisfac- 
torily the ordinary single-turn- 
primary transformer in cases in- 
volving less than approximately 
1000 amp. 

Several schemes are in use by 
means of which the accuracy of 
this type of transformer is im- 
proved; but probably the best 
accuracy under all conditions of 
burden, frequency, and load is 
obtained by the use of the two- 
stage transformer. Recent de- 


use of instrument transformers as 
well as watthour meters, another 


source of error is introduced which in these days 
of high efficiency must be given serious considera- 
These errors in the case of current trans- 
formers are caused by the failure of the second- 
ary current to bear the desired relation, both in 


tion. 


Watt-hour Meter 


Fig. 1. Simple Diagram of the Two-stage Current Transformer 
Showing Cores Separated 


magnitude and phase, to the primary current for all 
conditions of load, burden, and frequency. This is 
especially noticeable in the case of low-current and 
high-voltage lines where it is very desirable to use 
a single-turn-primary type of transformer, either 
from the standpoint of cost or overload capacity. 
Since the accuracy of an ordinary current transformer 
is roughly proportional to the square of the ampere- 
turns, it is obvious that the error of a 150-amp. 
single-primary-turn current transformer for a given 
set of conditions will be approximately 100 times 
that of a 150-amp. transformer with 10 primary turns. 


velopments in this type of trans- 
former have made it possible to 
measure current accurately under conditions which 
heretofore have been considered practically impos- 
sible. 


Source 


x R 


Fig. 2. Diagram of the Two-stage Current Transformer Showing 
Cores as Combined for Convenience in Manufacture 


The two-stage transformer consists of two cores, 
each having the usual primary and secondary con- 
ductors, but with an additional or tertiary winding 
on the second core which is similar to the secondary. 
A diagram of this type of transformer with connec- 
tions to the external burdens and the watthour meter 
is shown in Fig. 1; Fig. 2 shows the method of com- 
bining the cores and windings for convenience of 
manufacture. 

The function of the tertiary winding is to furnish 
the watthour meter with a current which is very 
nearly equal in magnitude and phase relation to that 
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which is required for the excitation of the core for 
the first stage. Hence it functions in a purely cor- 
rective capacity and tends to make the resultant 
ratio correct and to reduce the phase angle. 


-s-— 


Is 
Fig. 3. Vector Relation for First Stage 


Es = Induced secondary voltage 
= Flux 

Ie = Exciting current 

Is = Secondary current 

Ip = Primary current 

é = Phase angle 


-Es2 


Es2 


Fig. 4. Vector Relations for Second Stage 
Ess = Induced secondary voltage 

¢g: = Flux 

le = Exciting current 

Is =Secondary current (tertiary current) 
Ip. = Primary current (Ie of first stage) 

B: = Phase angle 


The electrical conditions in core No. 1 may be 
represented by the usual vector diagram of an ordinary 


current transformer as in Fig. 3. A similar diagram, 
Fig. 4, represents conditions existing in the second 
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stage except that the primary current of this stage 
is equivalent to the exciting current of the first stage. 
Thus the tertiary or corrective current furnished by 
the second stage is dependent upon and varies with 
the exciting current of the main core or first stage. 
Consequently, the two-stage transformer tends to 
correct automatically for its own errors under all 


T Two-stage | | 
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Fig. S. Characteristic Curves of Ratio and Phase Angle for a 
Two-stage Transformer-less-primary-type Current Trans- 
former, 100-amp. for 15,000-volt Circuit 


Tested at 60 cycles 


Secondary burden =2.25 volt-amp. at unity p-f. 
Tertiary burden = 1.9 volt-amp. at unity p-f. 
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Fig. 6. Characteristic Curves of Ratio and Phase Angle for a 
Two-stage Bushing-type Current Transformer, 150-amp., 
for 73,000-volt Bushing 


Tested at 60 cycles 


Secondary burden =2.25 volt-amp. at unity p-f. 
Tertiary burden =1.9 volt-amp. at unity p-f. 


conditions of burdens, frequency, and load to which 
it may be subjected. 

If it were possible to have no losses in the second 
stage, the entire amount of the losses of the first 
stage would be fed back into the line; and a perfect 
transformer would be obtained. It is of course im- 
possible to entirely eliminate the losses in the second 
stage; therefore, in order that they be kept as low as 
possible, it is desirable to keep the burden on this 


~ 
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stage low, and to use a nickel-iron alloy for the core. 
This alloy has the characteristic of low losses, and a 
very high permeability at low densities, which make 
it particularly valuable for this application. | 

With the application of the two-stage principle to 
the bushing and bar-type transformers, a trans- 
former is made available which is reasonable in cost 
and high in accuracy even for low values of primary 
current. High overload capacity is another important 
feature which is characteristic of transformers of 
these types. 

The curves in Figs. 5,6, 7 and 8 illustrate the accu- 
racy obtainable with the two-stage bushing and bar- 
type transformer. The curves which are marked single- 
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Fig. '7. Characteristic Curves of Ratio and Phase-angle for a Two- 
stage Bushing-type Current Transformer, 150-amp., 
for 110,000-volt Bushing 
Tested at 60 cycles 


Secondary burden =2.25 volt-amp. at unity p-f. 
Tertiary burden =1.9 volt-amp. at unity p-f. 


stage indicate the results obtained withthe transformer 
in which the total core and main secondary winding 
are used as in an ordinary single-stage transformer. 

The bushing-type transformer is so designed that 
it fits into a pocket in an oil switch cover, the primary 
consisting only of the conducting core of the standard 
bushing. Thus the bushing itself furnishes satis- 
factory insulation between the transformer secondary 
and the transmission line so that no insulation is 
necessary on the transformer. For lower voltages, 
this type of transformer may be slipped over an 
insulated bus or cable, or the primary, consisting 
of a bar or rod, may be built into the transformer. In 
the latter case the transformer is generally known as 
the bar-type. 

The watthour meter designed for use with the 
two-stage type of transformer is special only in so 
far as it has a twin current winding and suitable 
terminals. One winding is provided for the main sec- 
ondary and the other for the tertiary winding, as illus- 
trated in Fig. 1. In this way the maximum accuracy 
of the two-stage transformer can be realized. 
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It may at first appear that the two-stage trans- 
former and special watthour meter are too com- 
plicated and specialized to be satisfactory for ordi- 
nary meter installation. This impression, however, 
is felt to be largely due to an unfamiliarity with these 
devices rather than to the existence of anything 
inherently complicated about either the devices 
themselves, or their installation or test. It would seem 
that the accuracy afforded, particularly in the single- 
turn, or bushing-type, transformer more than justifies 
the slight extra care required for installation and test. 

Certain rules must of course be followed as to 
the installation and testing which are slightly dif- 
ferent from those pertaining to the standard trans- 
former and meter. They are, nevertheless, easily 
understood by the ordinary construction or test man. 


Cd 
. 


Phase Angle (deg) 


° 


O 10 20 #30 40 50O 60 70 80 90 100 
Per Cent Primary Current 


Fig. 8. Characteristic Curves of Ratio and Phase-angle for a Two- 
stage Bushing-type Current Transformer 150-amp. 
for 110,000-volt Bushing 
Tested at 60 cycles 


Curves A: Secondary burden =6.0 volt-amp. at unity P -f. 
Tertiary burden =6.0 volt-amp. at unity as 

Curves B: Secondary burden =19.3 volt-amp. at 0.88 Pt 
Tertiary burden =6.0 volt-amp. at unity p- 
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It is necessary, for instance, to test the meter 
for rotation due to both the tertiary and secondary 
currents. This may be done by a sequence of opera- 
tions as follows: 

With the tertiary circuit open, connect the second- 
ary of the transformer to the secondary terminals of 
the meter, and test for polarity in exactly the same 
way as in the case of the standard transformer and 
standard meter. When the proper rotation has been 
obtained connect the tertiary circuit to the tertiary 
terminals of the meter. Then connect a resistance 
in the order of 50 ohms across the secondary winding 
of the transformer and disconnect the secondary 
leads from the meter. If the polarity of the tertiary 
connections is correct, the meter disk will rotate in the 
same direction as when the secondary only was con- 
nected, as described heretofore. The secondary 
winding should then be reconnected to the meter 
according to the polarity determined, and the resist- 
ance removed. 

In some special cases it may be preferable to use a 
standard watthour meter instead of the special meter 
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as described. By the use of some auxiliary device, 
one type of which has been developed by Dr. Brooks, 
a standard watthour meter may be used, but at some 
sacrifices in the maximum accuracy obtainable with 
the special watthour meter. Considerable develop- 
mental work, however, has recently been done with 
various devices of this nature, and it seems probable 
that it will soon be possible, where especially desira- 
ble, to use a standard watthour meter with the 
two-stage transformer with but little sacrifice in 
accuracy. 

The features fgr consideration in the two-stage 
transformer may be summarized as follows: 

(1). The two-stage current transformer gives 
better accuracy than any other type known at present. 
This is particularly true of the bushing type. 

(2). To realize the full advantage of the two- 
stage transformer a special watthour meter is used, 
although satisfactory results may be obtained with 
the standard meter. 
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(3). The installation and test of the two-stage 
transformers and meters require slightly more care, 
but no difficulties should be encountered if a few 
simple rules are followed as explained. 

(4). Good metering accuracy may be obtained, 
as is indicated by the curves on the bushing and 
bar-type transformer, with primary ratings as low 
as 100 amp. | 

(5). In order to obtain the most satisfactory 
results, especially on bushing and bar-type trans- 
formers of low primary rating, each installation 
should be given special consideration in order that 
the full advantage of the two-stage design may be 
utilized. - 

Further considerations relating to the two-stage 
principle of metering will be given in future articles 
which are being contemplated. In these, two-stage 
transformers and meters will be treated with more 
specific reference to their applications, and to their. 
construction and calibration. 


High-capacity Disconnecting Switch Has New Contact Principle 


A new high-current disconnecting switch for 


group operation has recently been made available, . 


in which contact pressure is obtained independently 
of the movement of the blade. The switch is designed 


Switch with Blade in Closed Position, Top View of Switch, 
Showing Double Blade, Plunger, and Wedges 


in ratings of 2000, 3000, and 4000 amp. and for 

potentials of 7500, 15,000, 25,000, and 37,000 volts. 
The new Type RP-2 switch is of the conventional 

vertical-break type, the blade being swung between 


the open and closed positions by a linking 
actuated by a revolving insulator. An entirely new 
method of securing high-pressure contact is employed, 
however, which eliminates the heavy contact friction 
usually encountered in group-operated switches of the 
higher capacities, dispensing with the spring washers 
and flexible shunts commonly required at the hinge 
clip. The blade of the switch consists of two parallel 
copper bars between which there is inserted a plunger 
with wedges at each end. When the plunger is moved 
forward by the action of the operating mechanism, 
the wedges force the blades outward against the con- 
tact blocks. In this way high pressure is developed 
between the contact surfaces, thereby insuring low 
contact resistance, and forcing snow or ice formation 
from the contact area. 

Both wedging action and blade movement are 
accomplished by a single turning of the operating 
handle. The swing of the rotating insulator is approx- 


-imately 110 deg. of which 90 deg. is used to move the 


blade into position, and 20 deg. to operate the plunger 
and thus wedge the blades into place. The wedging 
operation cannot take place until the blade is in posi- 
tion between the stationary contacts. 

In addition to the reliable low-resistance contact 
which is obtained in the new switch, the line type of 
contacts require neither specially machined surfaces 
nor adjustments for alignment. 

The switch is mounted on a channel-iron base, and 
is supported by heavy-duty pin-type insulators. All 
pins are of non-corrodible material, and ball bearings 
are used to support the rotating members. The con- 
tacts are of copper-alloy castings. 
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New Low-voltage Constant-potential Car-lighting 
Equipment for 600-volt Traction Systems 


By F. H. CRATON 
Motor Division, Railway Equipment Engineering Department, Erie Works 
General Electric Company 


ECAUSE 600-volt lighting is so widely used on 
B 600-volt car equipments, there is a tendency 

to regard it as one of those long established 
institutions whose merit must be without question. 
Its virtue, however, has been low initial cost rather 
than any superiority as a lighting system, and it is 
not improbable that the present trend of railway 
progress toward higher standards will soon result in 
600-volt lighting being replaced in many instances by 
the low-voltage constant-potential system. 

The low-voltage constant-potential system, employ- 
ing primarily a small motor-generator set, external 
regulator, and storage battery, possesses two out- 
standing advantages and several minor ones which 
justify its higher cost, when used for multiple-unit 
train and interurban car applications. The low voltage 
permits the use of a short, thick lamp filament, which 
is ideal for headlight purposes because it permits a 
concentration of the light source around the focal 


point of the reflector, in turn producing a more ' 


powerful beam than is possible with a high-voltage 
filament. The use of constant potential assures a head- 
light of adequate power at all times, and car lights 
whose brilliance does not vary with fluctuations in 
trolley voltage. The results are increased safety and 
passenger comfort. In addition to these most im- 
portant features, the low-voltage system also secures 
the advantages of parallel lamp connections, low- 
voltage light wiring, and the elimination of wasteful 
voltage-lowering resistors. When it is considered that 
the candle power of incandescent lamps varies about 
as the 3.5 power of the voltage, and that their life is 
materially reduced by over-voltage, the disadvan- 
tages of the 600-volt lighting system become even 
more apparent. 

To make available the advantages of low-voltage 
power for car lighting, the new motor-generator set 
illustrated in Fig. 1 has been developed.“ This 
set consists of a commutating-pole compound-wound 
direct-current motor designed for operation on 600 
volts line potential and a shunt generator to furnish 
power at 38 volts for lights and battery charging. 
The set is rated 1.75 kw. and can deliver this output 
continuously at 38 volts over a trolley potential 
range of 450 to 750 volts. 

The set has been designed to cope successfully with 
unusually severe operating conditions such as those en- 
countered on third-rail systems, where requirements 
are most exacting. The motor will stand power 
interruptions caused by crossing third-rail gaps 


(1)Identified by the trade designation “‘RMG.-115-B,"° 


where the set may go back on the line at as high as 
750 volts. If the master controller is not returned to 
the “off” position when crossing third-rail gaps, the 
motor of the set is momentarily short-circuited 
through the traction motors, and.it can withstand 
this condition without flashover. The set is started 
by throwing it directly across the line even though 
the potential may be as high as 750 volts. 

The complete set weighs approximately 680 1b. 
The frame is cylindrical, of the transversely split 
type with four suspension lugs. Inspection openings 


- 


Fig. 1. The New Motor-generator Set for Low-voltage 
Car-lighting 


are located.at each end, on both sides of the frame. 
The set has two bearings; that at the generator end 
is a roller bearing and that at the motor end is a 
ball bearing to take end thrust. The armature is 
statically and dynamically balanced. The shaft can 
be removed without disturbing the windings or the 
commutators. The set is self-ventilated by a multiple 
fan mounted between the motor and the generator 
armatures, the air being drawn through protected 
openings in each end of the frame and exhausted 
through center openings. The design has been carried 
out with the intent of securing quiet operation. The 
brush-holders are radially adjustable and are of the 
steel clock-spring pressure-finger type. 

As applied in service, the set furnishes power for 


lights and also charges a 16-cell Exide storage battery. 


With very slight modifications, the set may also be 
used in connection with a 25-cell Edison battery 
at 45 volts. It will deliver 2 kw. output continuously 
at this latter voltage, over a trolley potential range of 
500 to 750 volts. | 
The generator voltage is held constant by a carbon- 
pile regulator which controls the generator excitation. 
The battery floats on the generator, while the lamp 
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potential is held at approximately 32 volts by a 
suitable lamp regulator. 

The motor-generator equipment, because of its 
exceptionally close voltage regulation, is particularly 
well fitted to serve also asthe power supply for 
automatic train control in which a source of un- 
varying potential is an essential feature. 
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The motor-generator set described has a broad 
field of usefulness in converting to low voltage the 
lighting systems on 600-volt equipments. Having 
been built to meet severe and exacting require- 
ments, it should prove successful under practically 
any condition of operation encountered in 600-volt 
railway service. 


Vacuum Tube is Heart of New Elevator Control System 


A new system of elevator control, by means of which 
elevator cars are automatically brought to the cor- 
rect floor level, is among the more recent applica- 
tions of vaccum tubes to operations in already well- 
established fields. This method, described as being 
unusually simple in operation and involving 
but few extra parts, involves the use of a three-ele- 
ment vacuum tube similar to those used in radio sets. 


Phot fon 


The vacuum tube employed in this case is of the 
type which has been used for a number of years on 
railroad locomotives for the purpose of transmitting 
block signals into the engineer’s cab in visible form 
so that the engineer does not have to depend on watch- 
ing the semaphore and light on the side of the track. 
This tube, though similar to the common radio 
vacuum tube, differs from it in the value of operating 
voltages which are used. 

The application of the pliotron in the automatic 
leveling of elevator cars is based on the character- 
istic increase of plate current when the tube changes 
from an oscillating to a non-oscillating condition. 
A suitable number of tubes, normally in oscillation, 
are mounted on each elevator car. By an arrange- 
ment of coils and vanes the motion of the car ap- 
proaching a floor level is made to stop the oscillation 
of the tubes, thus actuating relays. The relays govern 


control circuits which slow up the car and stop it at 
the correct position. The new method controls the 
car when running in either direction. 

In operation, the elevator operator throws his 
car switch to the “off” position as he approaches the 
floor at which it is desired to stop. On nearing the 
floor, the relays are actuated by a combination of the 
coils and vanes, thus reducing the speed of the car and 
bringing it toa stopat the floor level without any atten- 
tionorworkon thepart of the operator. After discharg- 
ing or receiving passengers, the car is started in the 
usual manner and operation is continued as before. 

Another application of the pliotron tube to elevator 
operation makes it unnecessary for the operator to 
watch his position in the hatchway. Devices similar 
to those used in automatic leveling are employed, 
in addition to signalling equipment consisting of suit- 
able push buttons, lights, and a bell. 

Upon entering the car each passenger indicates the 
floor at which he wishes to get off, and the operator 
immediately presses a push button corresponding to 
this floor. When all passengers are in the car, the 
operator starts by the usual method. As he approaches 
the first floor at which a stop is to be made, a signal 
light flashes and a bell rings, notifying the operator 
that a stop is to be made. He then throws the car 
switch to the “‘off’’ position and the car continues at 
full speed to a predetermined point in the hatchway, 
where it is slowed up automatically and brought 
level with the next floor by the automatic leveling de- 
vices. Operation is continued in a similar manner 
until the trip is completed. 

In addition to this arrangement, push buttons are 
installed on each floor. A passenger waiting for a car 
presses a button which lights a signal and rings a bell 
in the first car approaching in the direction in which 
the passenger desires to travel. A corridor lantern 
also lights to show the passenger which car will be 
the first to reach his floor traveling in the desired 
direction. An operator, receiving a signal from a floor 
push button, throws his car switch to the “‘off’’ posi- 
tion and the car is stopped in the same manner as 
described. 

With this system, the operator does not need to 
know where he is in the hatchway; and as long as he 
pushes the button for each floor called and shuts off 
his car switch each time the light flashes or the bell 
rings, every stop will be made as required. 


662 December, 1928 


GENERAL ELECTRIC REVIEW 


Industrial Electric Heating 


PART VIII: THE RESISTOR FURNACE (Cont'd) 


By N. R. STANSEL 
Industrial Engineering Department, General Electric Company 


Vol. 31, No. 12 


sistor, is placed directly in the heating cham- 

ber as shown in Figs. 114 and 115. There is no 
intervening medium except a gas between the source 
of heat and the charge, hence the transfer of heat is 
direct. The value of this feature lies in the compara- 
tively small temperature gradient required between 
the resistor and the heating chamber and, as there is 
practically no thermal storage capacity in the inter- 
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and with these furnaces resistance to oxidation is 
a primary requisite. 

The use of artificial atmospheres in the heating 
chamber of resistor furnaces is growing and the 
resistors in these furnaces must be of material 
suitable for use in such atmospheres. As a general 
rule an artificial atmosphere selected with reference 
to the material of the charge serves also as a pro- 
tection for the resistors. 
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Fig. 114. Sectional View of a Horizontal 


vening space, the response to the temperature con- 
trol equipment is immediate. A second feature 
applying to the resistor is the wide distribution of the 
heating element over the interior surfaces of the heat- 
ing chamber enclosure, a factor of importance in 
obtaining a uniform distribution of the flow of heat 
to the charge. In addition, there is the merit of sim- 
plicity as compared with the type of furnace which 
requires a muffle between the source of heat and the 
charge. 

The desirable properties of a material for a resistor 
are summarized as follows: 

(a). Freedom from oxidation and immunity to 

the action of other gases which may be present—by 

intention or otherwise—in the heating chamber. 

In a large proportion of the resistor furnaces the 

atmosphere of the heating chamber is largely air; 


Section 6-8 


Resistor Furnace of the Car-bottom Type 


(b). Comparatively high specific resistance. This is 
required in order to limit the current in the resistor 
circuit to a reasonable value and to keep the dimen- 
sions of the resistor within the limits of the space 
available. (Owing tothe high specific resistance of the 
materials used for resistors, the skin effect of alter- 
nating current at standard frequencies is negligible. ) 
(c). Low thermal conductivity. The value of low 
thermal conductivity is in the prevention of an 
excessive flow of heat from the terminals of the 
resistor, t.e., a cool terminal is desirable. 

(d). A low resistance-temperature coefficient, pre- 
ferably positive and of constant value over the 
entire temperature range, t.e., from room temper- 
ature to the maximum operating temperature. If 
a low coefficient over this temperature range 
cannot be obtained, the next best choice is a low 


The following table facilitates the location of material hitherto published in this serial 
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value of the coefficient within the working-tem- 
perature. range of the furnace. 

Resistor furnaces are operated on constant-volt- 
age circuits and the method of power control of the 
furnace depends upon the characteristic of the 
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variation in the resistance-temperature coefficient, 
the more simple will be the power control equip-. 
ment of the furnace. 

(e). The temperature at which the material of 
the resistor begins to soften should be well above 
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Fig. 115. Sectional View of a Vertical Resistor Furnace 


resistance-temperature coefficient. If there is con- 
siderable difference between the cold and hot re- 
sistance of the resistor, provision must be made 
for starting equipment. In general, the less the 


the maximum operating temperature. This has 
particular reference to the prevention of sagging 
of the resistor elements. 

(f). The resistor material should be non-magnetic. 
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(g). The expansion coefficient should be low so 
as to not require a complicated provision for ex- 
pansion and contraction. 

(h). There should be no chemical reaction between 
the resistor material and the supports of the resistor. 
(1). The structure of the material should be per- 
manent below its softening temperature. 

(7). Neither specific heat nor unit weight, in this 
case, is a factor one way or another since the mass 
of the resistor is not large enough to make the 
thermal storage capacity of the resistor of conse- 
quence. 
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Note -Point A=1452° 
Fig. 116. The Nickel-chromium Diagram (in Part) 


(k). It is required that the material have ample 
mechanical strength at operating temperatures. 


(1). The resistor material should be capable of . 


being easily shaped in order that any form of the 
element (wire, ribbon, bars, etc.) can be obtained, 
and so that the shape selected in any given case 
can be formed into a resistor to suit the heat dis- 
tribution desired. It must be practicable to pro- 
vide terminal connections. 

(m). The resistor material should have a long life 
in service. 

(n). The cost of the material in the shapes 
needed should be reasonable. 

No material, of course, conforms wholly with the 
ideal specification. As it is, the materials which 
approach the specification sufficiently close for use 
are few in number. The higher the operating tem- 
perature the more difficult the resistor material 
problem and the greater must be the compromise 
in the use of what can be obtained. 

The materials in common use for furnace resis- 
tors are: 

(a). Nickel-chromium alloys. 

(b). Iron and steel. 

(c). Molybdenum. 

(d). A silicon-carbide product. 


The rapid development of the resistor furnace 
shown by the chart in Fig. 100 was made possible by 
the nickel-chromium alloy resistor. The nickel- 
chromium alloy diagram—in part—is shown in Fig. 
116. The maximum operating temperature of the 
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resistor must be below the values of the line A-B by 
a safe margin. The nickel-chromium alloy resistor is 
protected against oxidation when heated in air by a 
film of oxide which forms on the surfaces of the ele- 
ment when first heated. This oxide coating has prac- 
tically the same expansion coefficient as that of the 
alloy so that the coating is very durable. This coat- 
ing resists to a high degree the penetration of oxygen; 
and after the initial coating is formed the rate of 
oxidation of the alloy is quite slow. The higher the 
chromium content of the alloy the better is the pro- 
tection against oxidation; and as the rate of oxidation 
increases with temperature, the higher the operating 
temperature of the resistor the higher should be the 
chromium content of the alloy. Alloys containing 
more than 20 per cent chromium are difficult to form 
into shapes and the 80 Ni-20 Cr alloy—practically 
free from impurities—has been adopted generally 
for furnace service within its temperature limitation. 
For this alloy the safe maximum operating temper- 
ature is usually specified to be 1150 deg. C. (2102 
deg. F.) 

The resistance-temperature curve of the 80 Ni-20 
Cr alloy is shown in Fig. 117. The values are for the 
alloy with the initial oxide coating, t.e., black sur- 
faces. It will be noted that the variation in resistance 
due to changes in temperature are not wide, and 
resistors of this alloy can be operated on constant volt- 
age circuits without voltage regulating equipment. 

As the protection against oxidation is not perfect, 
the thickness of the oxide coating on the resistor 
surfaces slowly increases with resulting increase in the 
resistance of the resistor. In course of time the re- 
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Fig. 117. Resistivity-temperature Curve of 80 Ni-20 Cr Alloy 


sistance will have become higher than will permit 
the needed power input to the furnace. The resistor 
then must be scrapped. In some cases, however, an 
increase in the applied voltage can be used to prolong 
the resistor life. Barring accidents and imperfections 
in the alloy and in the construction of the resistor, 
and if the resistor is operated with due regard to its 
temperature limitation, the life of the nickel-chro- 
mium resistor is such that the maintenance cost of this 
partof thefurnace is a small item. As previously stated, 
the rate of oxidation is measured by the operating 
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temperature; hence the lower this temperature the 
longer is the life which may be expected from the 
resistor. It is of course possible to use an alloy with 
a chromium content lower than 20 per cent, particu- 
larly in furnaces which operate only in the lower part 
of the furnace temperature range. In general, the 
higher the chromium content the higher the cost of 
the alloy. Thus the selection is a matter of economics 
in each case. 

_The main object in using an iron or steel resistor 
is to obtain a higher heating chamber temperature 
than can be obtained by using the nickel-chromium 
alloy resistor. Resistivity-temperature curves of 
electrolytic iron and carbon steel in the solid state 
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Fig. 118. Resistivity-temperature Curves of Iron and 
One Per Cent Carbon Steel 


from data by Saldan “? are given in Fig. 118. A part 
of the iron-carbon diagram is shown in Fig. 119. The 
effect of the carbon addition is to increase the electri- 
cal resistance and to lower the temperature at which 
the alloy begins to soften. For example, the addition 
of 0.5 per cent carbon to iron increases the resistance 
about 31⁄4 per cent at 2300 deg. F. and lowers the 
softening points to about 2520 deg. F. Hence if steel 
is used as resistor material, the lower the carbon con- 
tent the better. The differences between cold and 
hot resistances of iron and steel make it necessary 
to provide means for limiting the current when 
starting. 

The power-factor of an iron or steel resistor, 
while low when cold, becomes unity when the non- 
magnetic state is reached in heating. (See Fig. 120). 

The linear expansion coefficients of iron and steel 
are comparatively high and the arrangement of the 


(42) * Apparatus for the Measurement of Resistance of Metals in the 
Solid State at High Tomperatiii The Iron and Steel Institute—Carnegie 
Scholarship Memoirs. Vol. 7, p. 195. 
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resistor in the heating chamber must provide for ex- 
pansion and contraction. A convenient way of doing 
this is to corrugate the resistor elements. 

Iron and steel resistors must be protected against 
oxidation; t.e., this class of resistors must be operated 
in an atmosphere free from oxygen. The life depends 
both upon the degree of the protection from oxida- 
tion (it is difficult to obtain a heating chamber atmos- 
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Fig. 119. The Iron-carbon Diagram (in Part) 


phere entirely free from oxygen) and upon the fre- 
quency with which the resistor is heated through the 
critical range. In passing through the critical range, 
iron and carbon steel suffer deformation as illustrated 
by the photograph reproduced in Fig. 121. This block 
of cold-rolled steel, originally rectangular, was a per- 
manent support in the heating chamber of a batch- 
type hydrogen-copper brazing furnace operated at 
2200 deg. F. After a period of time, the repeated heat- 
ing wrought the change of shape shown. This phe- 
nomenon is often the cause of failure by breakage of 
iron and steel resistors in batch furnaces. 
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Fig. 120. Power-factor-temperature Curve of a Low-carbon Steel 


The life periods of iron and carbon-steel resistors 
under average conditions in furnaces with hydrogen 
and hydrogen-nitrogen atmospheres vary. In some 
cases, with a heating chamber temperature around 
2100 deg. F. a year’s service has been obtained. In 
other cases the life has been shorter. 

The addition of metallic elements to iron increases 
the electrical resistance and lowers the temperature 
at which the alloy begins to soften. Silicon is indi- 
vidual in that it gives a marked increase in resistance 
with but little lowering of the softening point. Re- 
sistivity-temperature curves of silicon steel are given 
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in Fig. 122 and the iron-silicon diagram is shown in 
part in Fig. 123. The upper limit of the silicon addi- 
tion is the amount above which the metal becomes too 
brittle for forming into shapes. About 214 per cent 
silicon is about as high addition as this condition per- 
mits. Another effect of silicon upon iron is the sup- 
pression of the transformation points. With about 
21% per cent silicon the transformation points are 


Fig. 121. Deformation Effect Upon Carbon Steel Due to 
Repeated Heating Through the Critical Range. The 
original shape of the block was rectangular 
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Fig. 122. Resistivity-temperature Curves of Silicon Steel 


entirely suppressed as shown in the temperature- 
time curve of Fig. 106, which is the record of the 
heating of a 21⁄5 per cent silicon-iron charge. These 
effects of silicon indicate the value of silicon iron as 
a resistor material both in its betterment of the re- 
sistivity characteristic and in the elimination of the 
deformation phenomenon noted in case of iron or 
carbon steel. 

The use of molybdenum as a material for furnace 
resistors has so far been confined to high-temperature 
laboratory furnaces. There is no standard design for 
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these furnaces, which are usually made locally and 
in design suited to individual conditions. Fig. 124 
shows a design frequently used for small furnaces of 
this type. The molybdeunm resistor is wound upon 
a refractory muffle, e.g., an alundum tube, which 
forms the heating chamber. The resistor is protected 
by an artificial atmosphere, usually hydrogen. The 
melting point of molybdenum (about 4620 deg. F.) 


is higher than the softening point of refractory mate- 


rials. Hence with resistors of that metal the refrac- 
tory support of the resistor limits the temperature of 
the heating chamber. The upper temperature limit 
of this furnace is about 2900 deg. F. 

The resistivity-temperature curve of molybdenum 
is given in Fig. 125. The wide range between the cold 
and hot resistances makes voltage control equipment 
necessary for these furnaces. Molybdenum is gener- 
ally preferable to tungsten as resistor material for 
the reason that is more easily formed into shape. For 
high-temperature high-vacuum furnaces, tungsten 


may be necessary on account of the comparatively high 


vapor pressure of molybdenum. The resistivity of 
tungsten is slightly higher than that of molybdenum, 
niz., 5 microhms per cm? compared with 4.5 microhms 
per cm? at 25 deg. C. The resistance-temperature 
coefficients of the two metals are about the same, so 
that the curve in Fig. 125 can be used for tungsten 
without serious error. Both metals must be protected 
against oxidation when used for resistors. 

The non-metallic furnace resistor which within its 
class is in most general use is a silicon-carbide product. 
Resistors of this material are available for heating- 
chamber temperatures up to 2400 deg. F. No pro- 
tection from oxidation is required. The material is 
formed into round rods of diameters and lengths to 
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Fig. 123. The Iron-silicon Diagram (in Part) 


suit the voltage and current requirements. The manu- 
facturer “3 has adopted as the unit of resistance for 
these elements a rod 1/16 in. in diameter by 1 in. 
long. For resistor-furnace service the value of this 
unit is 16 ohms. The elements are made up into 
multiples of this diameter and length. The unit resist- 
ance is expressed as 
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(#) The Globar Corporation, Niagara Falls, N. Y. 
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in which 
U.R. =unit resistance 
D = number of 1/16 inches in the diameter of 
the elements 
E =voltage 
L=length in inches 
I =current. 
The variation of the resistance with temperature of 
this type of resistor is shown in Fig. 126. It will be 
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The selection of the location of the resistors, t.e., 
the side walls, roof, and hearth, is based upon the 
nature of the charge and the shape of the heating 
chamber. The object in all cases is to obtain a path of 
heat flow to the center of each piece of the charge in 
which there is the minimum number of surface re- 
sistances in series. For example, if the charge consists 
of a stack of thin steel sheets laid horizontally, re- 
sistors placed above and below the charge would not 
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Fig. 124. Laboratory-type Furnace with Molybdenum Resistor 


noted that within the operating range of temperature 
the resistance-temperature coefficient is small and is 
positive. The range of this coefficient between room 
temperature and operating temperature is not wide 
enough to require voltage control equipment for 
starting. 

The resistivity of the silicon-carbide resistor in- 
creases with hours use and the life of a resistor ele- 
ment is measured by this growth in resistance. After 
a period the resistance of the elements becomes too 
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Fig. 125. Resistivity-temperature Curve of Molybdenum 


high for effective service at the rated voltage, and 
either renewal or an increase in the applied voltage is 
necessary. 

A primary requirement in the arrangement of the 
resistor in the heating chamber is the spreading of the 
resistor surface over a large part of the inner surface 
of the heating chamber enclosure. This is to obtain 
the wide distribution of the flux of heat noted in the 
first paragraph of this article. This requires that the 
resistor be long in comparison with either of its other 
dimensions. 


be effective on account of the large number of surface 
resistances in the path of heat flow from the surface 
to the center of the charge. For such a charge the best 
location of the resistors is on the side walls of the 
heating chamber. Whatever may be the locations of 
the resistors, much can be done towards speed of heat- 
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Fig. 126. Variation of Resistance with Temperature of Non-metallic 
Resistors with Silicon-carbide Base 


ing by so placing the pieces of the charge in the heat- 
ing chamber as to obtain the minimum resistance to 
the flow of heat to the center of each piece of the 
charge. As stated in Part II (p. 554) it is generally 
necessary—except in cases like that cited above—to 
place resistors underneath the hearth to supply heat 
to the bottom surfaces of the charge. There is no 
rule as to the ratio of the capacity in the hearth 
resistors to the total resistor capacity. This depends 
upon the nature of the charge and varies to a 
considerable extent. An average value of resistor 
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capacity underneath the hearth is about one-third 
of the total. 

Fig. 127 shows the development of a ribbon-form 
nickel-chromium resistor; and an end length of a 
resistor of this type is illustrated in Fig. 128. A typical 
method of mounting this type of resistor on a side 
wall is shown in Fig. 129. The photograph of the fur- 
nace interior in Fig. 130 shows the mounting of an iron 
ribbon resistor in a cylindrical furnace. The silicon- 
carbide resistor is mounted as shown in Fig. 131. 
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The resistor units are connected in series, multiple, 
or some combination of the series-multiple arrange- 
ment on single-phase circuits and also, for three-phase 
circuits, in Y or delta as may be required by the cur- 
rent rating of the unit and by the supply voltage. 
The terminal design provides for easy replacement of a 
resistor unit while the furnace is hot. A feature of the 
terminal is the pressure contact which permits but little 
heat to flow from the unit to the terminal connection 
yet is of ample cross sectional area for the current flow. 


Fig. 127. Development of a Ribbon-type Nickel-chromium Resistor 


Frequently, extra capacity is added to the end 
section of the resistor at the door end of the chamber— 
as shown in Fig. 114—to compensate for the loss of 
heat through the door area while the door is open. 
In case of furnaces which operate with short heating 
periods and with which the door is open for a com- 
paratively large portion of the time of the cycle the 
resistor is often divided into two circuits, front and 
rear, each under separate temperature control. 

The metallic resistor, being obtainable in practically 
any length, has the minimum number of connections 
through the heating chamber wall. These outlets are 
a source of heat loss and are thus undesirable. In case 
of iron resistors, which require voltage control for 


Fig. 128. End Length of Nickel-chromium Ribbon Resistor, Showing 
Reenforced Terminal and Wall Insulator 


starting, the usual construction is to divide the re- 
sistor into two or more circuits and use the series- 
parallel method for voltage control. This, of course, in- 
creases the number of circuit outlets through the wall. 

A water-cooled terminal for the silicon-carbide 
resistor unit is shown in Fig. 131. This type of ter- 
minal is designed for heating chamber temperatures 
above 2000 deg. F. Below that temperature a similar 
terminal without the water cooling feature is used. 


The supports of a resistor must be electrical insula- 
tors over the entire temperature range of the furnace. 
Refractory materials are classed as non-conductors. 
However, these materials have negative resistance- 
temperature coefficients and at furnace temperatures 
become partial conductors. Refractory products vary 
in composition; and besides, for any particular lot of 


Fig. 129. Typical Method of Mounting Nickel-chromium Ribbon 
Resistor on Furnace Wall 


material, the analyses are not apt to be uniform. 
Hence there is a wide variation in the electrical 
resistance of any given material. Furthermore, 
under the influence of sustained high tempera- 
ture the resistance is subject to change. Hence 
there is no constant value of resistivity for any 
given refractory product. Fire brick is among the 
refractories having the lowest resistivities. The 
resistivity-temperature curve of Fig. 132 is from 


INDUSTRIAL ELECTRIC HEATING 


data by Henry. “ 


which provides a selective path for the current. 


The supports of the resistor, in addition to being 
rigid and being insulators at elevated temperatures, 
should not muffle the resistor surface. This would 


Fig. 130 Method of Installing the Iron Ribbon Resistor in a 
Cylindrical Furnace 
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Fig. 131. Method of Installing the Silicon-carbide Resistor and the 
Water-cooled Terminal 


cause local high temperatures and shorten the life 
of the resistor. Forms of resistor supports and ter- 
minal tubes made of electrically-fused alumina with a 
clay bond are shown in Fig. 133. The supports in 
place may be seen in Fig. 129. The electrically-fused 
alumina has a comparatively high resistivity at 
furnace temperatures and the method of manufacture 


a The Resistivity of Refractories," Jour. Amer. Ceram. Soc., Vol. 7, 


An insulation breakdown in a 
refractory is usually due to a local low resistance 
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makes possible a uniform resistance characteristic. 
The resistivity-temperature curve of alundum cement 
—an electrically-fused alumina with a ceramic bond— 
given in Fig. 132, is from data by Northrup. “) 

The insulation of the resistor circuit in the furnace 
is one of the limitations on the voltage of this circuit. 
About the highest voltage that is practicable at 
furnace temperatures is 440 volts. The voltage in more 
general use is 220 volts. For small furnaces, 110 volts 
or lower is required in order to avoid the necessity for 
very small resistor elements. _ 

Many large batch furnaces are equipped with re- 
movable bottoms. The furnace of Fig. 114 is of the 


3500 
H att pete pa bad tp a 


apy” 


i 
N 
k 


Ohms per Cm 


ATAOE 
1500 ST 
NE ee oS SEE 
VE a Oe a AE 
ACELEI 


soL COTE 
900 1000 1100 

1832 i 187 
Temperature 


Fig. 132. Pesan -temperature Curves of Fire Clay and 
Alundum Cement 
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Fig. 133. Insulator Supports and Wall Tubes for 
Furnace Resistor 


car-bottom type. The medium and small-size batch 
furnaces usually have fixed hearths. Hearths of this 
type are frequently made of a plate of heat and 
corrosion-resisting alloy. Such alloys vary in compo- 
sition; but all contain nickel and chromium. The 
alloys are mechanically strong and show but little 
scaling up to furnace temperatures of 2000 deg. F. 


(4) High oe perarare Resistivity of Refractories.’ 
12 


' Met. and Chem. 
Eng., Vol. 12, p 
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This type of hearth is indicated in Figs. 29 and 30. 
The metal hearth may or may not be perforated, and 
in large sizes is made in sections to minimize trouble 
from warping. The hearth plates are usually made 
with upturned edges along the sides to prevent scale 
from dropping on the resistor below the hearth. 

The resistor must deliver its rated output with the 
heating chamber at the specified temperature and 
this without reaching a temperature which is higher 
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Fig. 134. Chart of Heat Dissipation from Flat Surfaces 


than permitted by maintaining a safe margin below 
the softening point of the material of the resistor. 
It is desirable to keep the temperature gradient 
between the resistor and the heating chamber—2.e., 
the inside surface of the heating chamber wall—low; 
first, so that surfaces and edges of the charge will not 
be overheated and, secondly, because the lower the 
operation temperature of a resistor the longer is its life. 
Onthe other hand, the higherthis temperature gradient 
the higher is the output of a given resistor. In between 
these opposing conditions lies conservative design. 

Several shapes of resistor elements are in use, the 
more common being ribbon (rectangular cross sec- 
tion) and wires (round cross section). For any given 
temperature conditions the shapes of the elements 
affect the rate of heat flow from the element—this 
rate being expressed as watts per pound of metal in 
the element—in accordance with the influence of the 
three factors: 

(a). The shape factor 

(b). The interference factor 

(c). The surface-area factor. 

The chart in Fig. 134 shows the output of resistors 
having flat surfaces for the range of furnace temper- 
atures and for several temperature gradients. This 
chart is based upon a constant of 0.29 in Equation 
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(6), and a constant of 0.72 in Equation (8), and upon 
the condition of an unobstructed flow of heat in an 
atmosphere of air or its equivalent, as regards ther- 
mal conduction, of other gases. 

Langmuir “®) has shown that the convection com- 
ponent (natural convection only) of heat. transfer 
from—or to—a surface is accomplished by conduc- 
tion through a film of gas which envelops the surface. 
Thus the natural convection component of a flow of 
heat from a surface under given temperature con- 
ditions is determined by the thermal conductivity 
of this gas film. As in all cases of heat conduction the 
shape factor of the path of that flow enters into the 
determination of this convection component. The 
shape factor in case of resistor surfaces is determined 
by the degree of curvature of the surface. The curve 
given in Fig. 135 has as ordinates the ratio of the 
convection component from a round surface to the 
convection component from a flat surface. The 
abscissas are diameters of the round surface. Thus 
for a round wire 0.3 cm. in diameter the natural con- 
vection component would be four times that from a 
flat surface, all other conditions being the same. 

By reference to Fig. 18, it will be noted that at the 
higher temperatures and with small temperature 
gradients the part of the total heat transfer by natural 
convection is very small. For example, referring to 
Fig. 134, the total heat transfer with a heating cham- 
ber temperature of 1700 deg. F. and a temperature 
gradient of 200 deg. F. is 23 watts per sq. in. from a flat 
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Fig. 135. Effect of Shape Factor on Convection Component. 


c' = ratio of convection component from round surface to convection 
component from flat surface. 


surface. The convection component in this value is 
0.45 watt. For a round resistor of No. 1 B.&S. wire 
(diam. =0.7348 cm.) the factor c’, Fig. 135, is 2.4. 
Hence the convection component for this wire would 
be (0.45X2.4)=1.08 watts per sq. in. As a general 
rule with furnace temperatures and temperature 
gradients the influence of the shape factor for round 
resistors of sizes No. 1 B.&S. and larger can be 
neglected without serious error. 

Even if by the use of thin, round wires and large 
temperature gradients the natural convection 


(18) Convection and Radiation of Heat," Trans. Amer. Electrochem, 
Soc., Vol. 23, p. 298. 
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component is made comparatively large, the resulting 
increase in the total heat transfer—as compared 
with that from a flat surface—is not desirable in 
furnace practice. As previously stated, uniformity of 
heat distribution is a primary requirement and as 
heat transfer by natural convection is not subject to 
control, s.e., it cannot be fixed in distribution like 
radiation, the convection component works against 
the attainment of uniformity in the distribution of 
the flux of heat. 

The chart shown in Fig. 134 is based upon unob- 
structed radiation. However, the arrangement of 
the resistor elements in loops (see Fig. 127) causes 
interference in the radiations from adjacent surfaces 
and for a given resistor temperature there is a corre- 
sponding reduction in the flow of heat by radiation. 
This decrease is approximately proportional to the 
angle œ as shown for both flat and round surfaces 
in Fig. 136. The ordinates of these curves are the 
values less than unity by which the free radiation 
components must be multiplied. The abscissas are 
the ratios of the spacing of the resistors—surface to 
surface—to the diameter or width, as the case may 
be, of the resistor element. For example, assume as 
in a preceding paragraph a heating chamber temper- 
ature of 1700 deg. F. and a temperature gradient of 
200 deg. F. The free radiation component is, as before, 
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Fig. 136. Effect of Radiation Interference of Adjacent Surfaces. 
c’’ = ratio of obstructed radiation to free radiation 


(23 —0.45) = 22.55 watts per sq. in. For a ratio of 
spacing to width of unity in each case the value of 
c” for a flat surface is 0.71 and for a round surface 
0.78. Hence we have: 

Radiation component, flat surface (22.55 X0.71) =16.0 

Radiationcomponent,round surface (22.55 X0.78) =17.55 

Combining these figures with those already ob- 
tained the total heat dissipation from a No. 1 B.&S. 
wire is (17.55+1.08) =18.63 watts per sq. in. For 
the flat surface the total head dissipation is (16+0.45) 
= 16.45 watts per sq. inch. Thus under the conditions 
specified the output of the round resistor per square 
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inch of surface is approximately 13 per cent greater 
than that from the flat surface. 

A round wire or rod has the minimum surface area 
as compared with rectangular shapes of the same 
mass. If a round rod is rolled to a rectangular cross 
section the increase in surface area is shown in. Fig. 
137. The ordinates of this curve are the ratios of the 
surface areas of rectangular strips to the original 
surface area of the round rod from which the strip 
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Fig. 137. Surface-area Factor 


_ & = ratio of surface area of rectangular resistor to surface area of round 
resistor 


was rolled, the length being unchanged. The abscissas 
are the widths expressed as multiples of the original 
diameter of the rod. End areas are not included. For 
example, if a given length of wire is rolled into strip 
or ribbon without change in length and to a width 
five times the diameter, the new surface area is 3.3 
times the surface area before rolling. 

The surface area of No. 1 B.&S. wire is 10.9 sq. in. 
per ft. of length. Using the value for unit heat dissi- 
pation obtained in a preceding paragraph the output 
per foot of wire is (18.63X10.9)=203 watts. The 
output per foot of the ribbon which has 3.3 times the 
surfaceof thewireis “”) (16.45 X 10.9 3.3) = 591 watts. 
As the weight is the same in both cases the output per 
pound of metal is 2.9 times greater for the strip 
form. | . 

The fourth factor in the consideration of the shape 
of the resistor element is its cost expressed as watt- 
hours output (during its useful life) per dollar.This 
cost, however, 1s not the first cost of the metal in 
the resistor alone, but is the first cost of the complete 
resistor as installed in the furnace plus the mainte- 
nance cost during its useful life. Furthermore, there 
should be added to this cost the cost of the heat loss 
through the furnace walls made necessary by the 
terminal construction of the resistor in each case. 
The last-mentioned is difficult to evaluate; but in 
general the fewer the wall entrances required for 
terminals the lower will be this item. 

A cost comparison cannot be expressed in general 
terms but must be limited to all cases in specific 


(47) Note: In practice, the cross sections of rectangular shapes are not 
true rectangles because of rounded corners. 
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designs of resistors. However, the cost of the resistor 
is not the end. This cost is not a large item in the 
furnace expenditure and, alone, is not a deciding 
factor. The important consideration is the effective 
use of the resistor in its function as a distributor of 
heat; and this is the primary basis of resistor design. 

The actual design of a resistor is a matter of a 
study of the requirements in each case. The problem 
includes, in addition to the principles discussed in 
the preceding paragraphs and the observance of the 
relation expressed by Joule’s law, the distribution of 
the flux of heat, the balancing of the required capacity 
against the space available for the installation of the 


resistor, the locations of the elements, the permissible 


maximum current, the selection of standard size, and 
the individual problens which must be met in each 
case. This phase of the subject is reserved for a later 
article in this series. However, before leaving the 
subject for a time, it is of interest to make a pre- 
liminary estimate of the power required in the re- 
sistor of Example 15 of Part VII. 

We may assume that the furnace is to be used to 
heat charges of steel like that noted for the tempera- 
ture-time curves of Fig. 35. The weight of the charge 
is 1685 lb., the final temperature 1650 deg. F. and 
the heating period is approximately 4 hr. This is at 
the rate of about 420 lb. per hr., which represents an 
average performance for a batch furnace of this size. 
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The heat absorbed by the charge (from Fig. 138) is 
(1685 X 85) = 145 kw-hr. The average input to the 


steel is = = 36 kw. The heat loss of the furnace at 


1800 deg. F. is 10 kw.: and at 1650 deg. F, will be 
approximately proportionately less, 2.e., 9.2 kw. 
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Fig. 138. Heat Content Curve of Iron 


Hence the average input to the furnace during the 
heating period—disregarding the open door loss—is 
45 kw. Allowing some margin, the rating of the re- 
sistor would be 50 kw. As a preliminaty check on the 
assumptions so far made, the conversion efficiency 
of the furnace for continuous operation would be 


Ze g lb. of steel per kw-hr., which is a fair per- 


45X4 
formance for this particular service. 


(To be continued) 


Primary-resistance Drum Switches 


A new line of primary-resistance drum switches has 
been developed for use with squirrel-cage induction 
motors on small cranes, hoists, machine tools, etc. 
These switches are made in two forms: one for hoists 
where the motor is over- 
hauled in the lowering di- 
rection, and the other for 
hoists where the motor is 
not overhauled in the low- 
ering direction. An exam- 
ple of the former is a hoist 
with spur gearing and no 
automatic mechanical load 
brake. (The switch for this 
application provides four 
points hoisting and one 
point lowering.) An exam- 
ple of the latter is a hoist 
using low efficiency worm 
gearing or an automatic i 
mechanical load brake. The switch designed for this 
service, and also for machine tools and general-pur- 
pose applications, provides four points forward and 
four reversing. 

The drum switches are built without operating 
mechanism so that the user may select the type of 


operating equipment he desires. The dial plate for the 
horizontal handle is assembled with the switch but is 
removed and discarded when a vertical handle or 
rope-wheel attachment is to be used. 

For cement-mill or simi- 
lar service where the equip- 
ment will be subject to ex- 
cessive non-explosive dust, 
the covers are made dust- 
tight by a felt gasket riveted 
around the edges. They are 
tightly fitted to the switch 
frame, and all openings in 
the frame (including conduit 
box) are sealed with com- 
pound to exclude the dust. 

Suitable separate resist- 
ance enables approximately 
50 per cent of full-load rated 
torque to be obtained on 
the first point of the switch. The torque obtainable 
on the other points can be adjusted over wide limits 
by shifting the taps in the resistor. 

The switches are designed for operation on primary 
voltages up to 550, and for 15 hp. maximum on two- 
or three-phase circuits. 
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Low-voltage A-c. Networks 


PART VIII: TRANSFORMER EQUIPMENT 


By D. K. BLAKE 
Central Station Engineering Dept., General Electric Company 


a-c. network systems into the commercial 

area, it was the usual practice to use 2300-volt 
single-phase subway-type transformers for the dis- 
tribution of alternating current. Most of the installa- 
tions were of 50-kv-a. units and below, having a tank 
construction similar to that shown in Fig. 46. Larger 
installations of such as 75- and 100-kv-a. units, 


Pee netm to the introduction of low-voltage 


Fig. 46. A Typical Transformer of the Subway Type Commonly 
Employed for A-c. Distribution Prior to the General 
Use of Network Systems 


used a corrugated tank similar to Fig. 47. Transformer 
equipment for network systems are shown in Figs. 48 
to 57. 

The network system has influenced the design of 
distribution transformers with respect to reactance, 
size, voltage, mechanical features, and accessories. 
The earlier transformers designed for network opera- 
tion were designed with 10 per cent inherent reac- 
tance for the purpose of better load division. The 
introduction of the small cable-type reactors 


constructed of iron punchings has virtually eliminated 
the necessity of transformers having a reactance 
above the normal design. A few companies, how- 
ever, consider the 10 per cent reactance transformer 
preferable. 

The transformers for network systems are of a 
larger and more uniform kv-a. rating than are used 
in earlier types of distribution systems. It is seldom 


Fig. 47. Subway Transformer of the Type Generally Used 
for the Large Units in the Older Systems of A-c. 
Distribution 


that a system requires more than two sizes; and 
some systems have only one size for the street vaults, 
and larger ratings in building vaults when very large 
building loads are involved. In the greater number of 
systems, transformer installations of 300-kv-a. banks 
are found more economincal than other ratings. 
Transformers with ratings of 300 kv-a. are of about 
as much capacity as can be put in street vaults with- 
out encountering very difficult ventilating problems. 
One company was limited by city authorities in the 


Reference made to material hitherto published in this series of articles may be readily located from the following table: 


Part Issue 
Part I Feb., 1928, p. 82 
Part II Mar., 1928, p. 140 
Part III Apr., 1928, p. 186 
Part IV ay, 1928, p. 245 
Part V Aug., 1928, p. 440 
Part VI Sept., 1928, p. 480 
Part VII Nov., 1928. p. 600 


eB Sua 


Figs. Tables Footnotes 
ito 4 (1) 
to 16 
to 19 I to VII (2) 
to 26 VIII (3) 
27 IX to XII (4) and (5) 
to 33 —_ 
to 45 


674 December, 1928 | GENERAL ELECTRIC REVIEW Vol. 31, No. 12 


number and dimensions of street vaults and found it a 500-kv-a. three-phase transformer having an effi- 
necessary to obtain a special transformer to have as ciency of about 99 per cent. 

much kv-a. rating as possible without exceeding Where sufficient load and areas are involved, it is 
losses safely dissipated by the vault. The result was more economical to use the generated or transmission 


Fig. 48. Single-phase 100-kv-a. Network Transformer for 11- or (A) (B) 


13-kv. Circuit. The pothead withfgrounding and disconnect- Fig. 49. (A) High-voltage, and (B) Low-voltage Side of 100-kv-a. 
ing switch may be removed to pass the transformer through a 11,000-115/199 Y Volt Network Transformer. A two-pole 11,000- 
32-in. vault opening volt grounding and disconnecting switch is mounted in the tank 


under the oil and operated from the handle shown at the top left 


Fig. 51. Three-phase 11- or 13-kv. 300-kv-a. Network Transformer with 
with Pothead Containing Grounding and Disconnecting Switch ‘: Both Low-voltage and High-voltage Potheads Mounted on the 


Mounted on End of the Tank. Removable water-tight cape for Same Side. Operating handle for switch and bull's eyes for oil level 
giving access to ratio adjuster handles are visible at the top indication are shown on the side of the high-voltage pothead 


Fig. 50. Three-phase 11- or 13-kv. 300-kv-a. Network Transformer 


LOW-VOLTAGE A-C. NETWORKS 
voltage for the network feeders. This practice required 
the development of higher voltage transformers for 
subway use. The voltages now used are 11,000, 13,200, 
and 26,400 volts. 


675 


single-phase units because of the less space required 
and much simpler vault installation by eliminating 
much cable splicing and racking; also the losses and 
costs are slightly lower than single-phase installations, 


The combined light-and-power three-phase net- particularly where grounding switches are provided. 


work systems commonly used have all transformers 
installed in three-phase banks, and excess capacity 
is provided to allow for the loss of any particular 
bank at peak-load period. Some engineers find the 
three-phase transformer much preferable to three 
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Fig. 52. Unit Assembly of Grounding and Disconnecting Switch for Fig. 53. High-voltage Pothead of a Three-phase Transformer 
Mounting in Transformer Potheads or in Oil-filled Box for Separate Illustrating the Assembly of Grounding and Discon- 


Installation. When energized, the solenoid interlock at lower right necting Switch 
prevents movement of shaft 
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Fig. 54. (A) Three-phase 26-kv. 500-kv-a. Network Transformer with High-voltage Pothead Mounted on One End and Low-voltage Pothead 
Containing Network Protector Mounted on the Other End. The high-voltage pothead is arranged for three triple-conductor 
cables, two of which loop through and the third branches off. (B) Shows the transformer with high-voltage 
pothead cover removed and the ground-switch in the closed position 
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Existing vaults, of course, with the usual 32- or 
35-in. Openings require single-phase units. Consider- 
able progress has been made in reducing the weight 
of three-phase units so that they are not difficult to 
handle. 

Changes in mechanical design are caused mainly 
by the special cable terminations required for high 
voltages and the operating requirements in the way 
of safety and convenience for working on the high- 
voltage cable. 
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Fig. 55. The Low-voltage Side of the Transformer in Fig. 54 
with Box Cover Removed, Showing the Automatic Net- 
work Protector Mounted Therein and Arranged 
for Four Outgoing Cables Per Phase 


The termination of the high-voltage cable in the 
transformer is done in a variety of ways. Early 13,000- 
volt units were built with standard cable-bells inside 
of the transformer and the cable was introduced 
through the ordinary subway bushings. This makes 
a safe construction, but a rather inconvenient one; 
and the tendency of late has been to provide junction 
boxes in which the cable can be terminated and con- 
nected to the transformer leads so that the joint 
can be readily broken in the junction box without 
taking the cover off of the transformer. This makes 
the installation much simpler, as all connections 
can be made through the small openings in the junc- 
tion boxes. 

The ideas of some engineers with regard to the 
arrangement of junction boxes vary to some extent. 
The preferred practice is to put in, between the 
transformer and junction box, bushings which can be 
sealed tight so that there is no possibility of an inter- 
change of oil or air between the junction box and the 
transformer. This enables the operator to perform 


GENERAL ELECTRIC REVIEW 


Vol. 31, No. 12 


all necessary operations in the installation of the 
transformer without unsealing the main tank. The 
construction is, of course, expensive and tends to take 
more space than a simpler arrangement in which the 
wall between the junction box and transformer is not 
hermetically sealed. With the latter construction it 
is possible to fill the junction box with paraffin or 
petroleum, but not with oil. 

Because of the very limited space available for 
these junction boxes, the termination of the high- 
voltage cable by taping the cable from the end of the 
lead sheath seems to be the most practicable method. 
The tape is built up at the end of the lead sheath until 
the diameter of the insulation is considerably in- 
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Fig. 56. The Network Protector of Fig. 55 in Extended Position, 
Illustrating the Roll-out Feature Provided for Convenience in 
Installing the Protective Equipment in Housing 


creased and is then tapered off for a distance sufficient 
for creepage to the bare end of the cable. Metal tape 
is then wrapped over this tape from the lead sheath 
up to the point of maximum diameter. This tapers the 
stress through the cable insulation and this type of 
joint is being used satisfactorily up to 26,000 volts. 
The cable terminations are made by the cablemen 
and the glands through which the cable is introduced 
are large enough to permit the whole end to be pulled 
out of the junction box. This construction is simple 
and economical in space. 

Flexible low-voltage terminals have been provided 
to permit the connection of the large secondary cables 
with ease. Rigid terminals make it very difficult to 
line up the heavy secondary cables with the terminals. 

Operating requirements in the way of safety and 
convenience for working on the high-voltage cable 
are in general due to the fact that each feeder and the 
transformer it supplies are usually handled as a 
unit, being disconnected at the substation by a circuit 
breaker and automatically disconnected on the 
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low-voltage side of the transformers by the network 
protectors. If cablemen are to work on cables or 
transformers in a vault, safety requirements dictate 
the grounding and short circuiting of the cable and 
transformer in that vault and perhaps in one or two 
adjacent ones. The exact practice differs at present; 
but in general, since there is no individual protective 
apparatus on the high side of each transformer, there 
is no convenient place for the location of grounding 
devices except in the transformer. The result is the 


Fig. 57. Core and Coil Assembly of a 13,200-volt Network Trans- 
former, Illustrating the Mounting of Current Transformers 
Used with Pilot-wire Protection 


placing in the transformer, or in junction boxes at- 
tached to it, a considerable variety of switches for 
grounding or short-circuiting either the cable alone 
or cable and transformer. In many cases the switches 
have an open position in which the cable is not con- 
nected to either ground or transformer and hence is 
in a free condition for “phasing out,” t.e., checking 
the phases to see that they have been properly con- 
nected after the correction of trouble or new con- 
struction work. 

The majority of these switches are provided with 
electrical interlocks which prevent their operation as 
long as there is voltage on the transformer. These 
interlocks consist of small coils connected to the 
low-voltage side of the transformer and so arranged 
as to lock the switch in whatever position it may be 
when the coil is energized. This prevents any move- 
ment of the switch when the transformer is energized 
from either side. Usually these devices are provided 
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with some form of external indicating mechanism from 
which the operator can see’whether or not the trans- 
former is energized. This may take the form of a 
target in front of a bull’s eye or of a rod in a glass 
tube extending outside of the pothead. 

It is preferable to mount the switches in the high- 
voltage pothead. This means that the pothead must 
be filled with oil and must be large enough to provide 
proper clearances around the switch. For three-phase 
transformers there is usually sufficient room to make 
an external pothead large enough for the switch as 
an integral part of the transformer. Because exist- 
ing vaults have 32- or 35-in. diameter openings some 
engineers have required that the switches be mounted 
inside the transformer tank under the oil of single- 
phase units, since it is impossible to mount an external 
pothead large enough for a switch external to a trans- 
former which must pass through a 32-in. or 35-in. 
opening. It is considered by some that this creates 
a hazard in the transformer because of the possibility 
of minute metallic particles, such as copper from 
the switch tips, getting into the oil and windings. 
To avoid this, detachable potheads have been 
developed which can be removed while the trans- 
former is being lowered through the manhole and 
attached when it is in final position. 

Switches for pothead mounting have been developed 
to constitute a self-contained unit, which is secured 
in place by a few bolts, and easily removable from 
the pothead with flexible connections to the trans- 
former and ‘cable terminals. The potheads are pro- 
vided with an opening in the top through which the 
blades of the switch can be reached for “phasing 
out” in the “open” position of the three-position 
switches. These unit switches may also be mounted 
in a box for wall mounting. This arrangement has 
the advantage of being a means of completely 
deénergizing the transformer and permits the use of 
fewer switches where they are not considered neces- 
sary at every vault. 

The switches are manually operated, with an 
interesting exception wherein one company required 
that the single-throw grounding switch be closed 
with a CO, jack which can be operated from the street 
level. l 

As an additional case of rather exceptional practice, 
it may be remembered that one company, using loop 
primary feeders with pilot-wire protection, required 
that the current transformers connected in the trans- 
former secondary be mounted in the transformer 
tank, under the oil. These current transformers 
were of very high ratio and quite a problem was 
presented in regard to properly mounting them. 

Acknowledgment is made to Mr. E. D. Treanor, 
of the Pittsfield Works, for information contributed. 


(To be continued) 
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PART VII 


METHODS OF IMPROVING THE EFFICIENCY OF VACUUM TUBES DRIVING 
OSCILLATING CIRCUITS—A HIGH-EFFICIENCY CIRCUIT WITH SQUARE 
CURRENT WAVES 


By D. C. PRINCE and F. B. VOGDES 
Research Laboratory, General Electric Company 


HE efficiency of vacuum tubes driving oscillat- 

ing circuits is of importance from two stand- 

points: The power supply usually consists of a 
kenotron rectifier set and, while the power may be 
purchased at a low rate, its cost is fairly high after 
passing through the rectifier on account of the cost 
of operation of this piece of apparatus. A second 
reason for desiring efficiency lies in the fact that 
the losses which can be disposed of are limited on 
account of the heating of the anode of the pliotron. 
Hence, the higher the efficiency, the greater will be 
the load which can be carried by a given tube. 

When driving an oscillating circuit with sine 
waves of voltage by means of a vacuum tube, certain 
efficiencies are obtainable as shown in Part II. 
In this case, the plate potential consists of the steady 
voltage of the supply source plus an alternating 
voltage given by the oscillating circuit; and the 
grid potential consists of a similar alternating voltage 
plus a steady voltage derived from a grid-leak con- 
denser and resistance. Under good operating condi- 
tions, the alternating voltage has a peak value slightly 
less than the direct voltage of the supply source, and, 
if the plate current is drawn only at the time of 
minimum plate potential, power conversion occurs 
with high efficiency. Such operation is not desir- 
able in practice, however, because it represents a 
load on the tube much less than it is capable of 
carrying; accordingly, efficiency of conversion is 
relinquished in order to get more output from the 
same apparatus. This is accomplished largely by 
allowing the plate current to flow through a longer 
period of time. The additional amount of power is 
obtained at a much lower efficiency than the first, 
because of the fact that the extra current is drawn 
while the alternating voltage is not at its peak and 
the plate potential is considerably larger than its 
minimum value. 


Effect of Emission on Efficiency and Output 
Instead of obtaining the maximum output from a 
tube entirely by increasing the period during which 


the plate current flows, the output may be increased 
partially by increasing the instantaneous value of the 
current flow while the plate voltage is near its min- 
imum, thus increasing the efficiency and the maximum 
load which can be carried. This requires that the 
emission of the tube be increased, for, in the ordinary 
tube, the most efficient operation already utilizes most 
of the available emission. Since an increase in emission 
results in a shortened tube life, there is a limit beyond 
which it is not economical to increase emission. This 
limit is different for different operating conditions, 
and, in some cases, it may be advisable to exceed the 
rated filament heating current of a tube in order to 
obtain more output. Fig. 61 shows the calculated 
output for a given tube with a varying emission and 
constant tube loss and indicates the order of the 
increase in output to be expected. 


Effect on Efficiency of Harmonic in Plate-voltage Wave 

A second way to increase efficiency is in control 
of the plate-voltage wave. Harmonics might be 
added to this wave as in Fig. 62, which shows a fifth 
harmonic impressed on the sinusoidal voltage of the 
oscillating circuit. The resultant wave is so arranged 
as to have a flat or slightly cupped peak, and, by 
this means, two desirable ends could be attained. 
First, the actual output would be increased. Assum- 
ing the plate-current wave to remain constant, it 
would be possible to use a higher value of the funda- 
mental-frequency alternating plate potential without 
having the minimum resultant voltage approach too 
close to the maximum grid potential. This would 
represent an increase in output proportional to the 
increase in the voltage. Second, the losses would be 
decreased. It is obvious that the combined wave 
would give a lower plate potential during the time 
current is flowing than would a pure sine wave hav- 
ing the same minimum. The resultant decrease in 
loss would, for the most part, be equal to the increase 
in output already described, but the losses would be 
further decreased if any output were obtained at the 
harmonic frequency. While no use could probably 
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be made of the harmonic power outside of the circuit, 
it would be better to dissipate it outside the tube 
than inside. 


Production of an Harmonic Voltage 

The question of what to do with the harmonic 
power is closely allied with the question of obtaining 
the harmonic voltage in the first place. By proper 
circuit design, the power produced might be used to 
maintain the voltage. A circuit capable of accomplish- 
ing this is shown in Fig. 63. The plate current, 
which is supplied by the plate-blocking condenser, 
is drawn through both the main oscillating circuit 


and an harmonic-trap circuit tuned to the frequency. 


of the desired harmonic. The fundamental frequency 
component of the current in connection with the 
voltage of the main oscillating circuit represents 
power input to that circuit; and the harmonic com- 
ponent in connection with the voltage of the harmonic 


Output (Watts) 


' 20 


1. 12 1.4 1. 
Emission (Amperes) 

Fig. 61. Calculated Output for a Pliotron with Varying 

Emissions and Constant Tube Loes 


trap represents power input to the trap circuit. The 
oscillations in the trap circuit will build up until the 
input and losses are equal, and by controlling the 
resistance of the circuit, the voltage may be given 
the desired magnitude. 

Inspection of Fig. 62 shows that, if current were 
to flow for a period corresponding to only 180 deg. 
of the harmonic voltage wave, the input to the trap 
circuit would be negative. In order to get a positive 
input to this circuit, the plate-current wave would 
have to flow for approximately three half cycles of 
the harmonic voltage wave. The amount of power 
available for operating a trap circuit at a given voltage 
and given plate-current wave can be found by a 
method similar to that described in Part IT. 


General Problem of High Efficiency 

Within the knowledge of. the writers, no circuits 
with harmonic traps have ever been constructed. 
The subject is of great interest, however, as it shows 
the nature of the steps to be taken in order to get 
the highest possible efficiency and output. The 
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problem consists of two parts: The current must be 
passed through the tube so that the highest average 
current 1s passed with the lowest loss, and the direct 
voltage of the supply source and alternating voltage 
of the oscillating circuit must be connected together 
in such a way that the instantaneous difference is 
not the cause of a loss, as in the case of the excessive 
plate-voltage drop met with in the simple oscillating 
circuits with current passing during a considerable 
time. 


Fig. 62. Effect of Adding a Fifth Harmonic to the 
Plate-voltage Wave 


The Current Problem 

Assuming that no loss except the loss due to the 
space charge occurs in the tube driving the oscillating 
circuit, let it be seen what the form of the current 
wave for highest efficiency should be. The instantane- 
ous plate voltage will be assumed only slightly higher 
than the instantaneous grid voltage, and together 
these voltages will overcome the space-charge voltage 
due to the instantaneous current. If the voltages 
were constant and independent of the current, it 
would made no difference what the shape of the 
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Fig. 63. Oscillating Circuit with Trap to Supply an 
Harmonic in the Plate-voltage Wave 


current wave might be, the loss would always be the 
same for the same average current. The voltages 
have to be increased, however, with increased current, 
and therefore the minimum space-charge loss occurs 
with a steady current flowing for as large a portion 
of the cycle as possible. 


The Voltage Problem 

The passage of current through the tube for any 
considerable portion of a cycle makes absolutely 
necessary the balancing of the direct voltage of the 
supply source and the alternating voltage of the 
oscillating circuit in such a way that the latter ap- 
pears as a counter-e.m.f. equal to the former minus 
the space-charge drop in the tube. To accomplish 
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this, the instantaneous differences in the two voltages 
must be absorbed by some piece of apparatus which 
will not act as a sink of power. A choke coil will satisfy 
the need, for it will alternately absorb and supply 
energy with no inherent loss. 

This choke will have to carry a steady current 
unless very special means are supplied to stop and 
start the current through it, and this is undesirable. 
On the other hand, it is obvious that the tube has 
no valve action if it carries a steady current. 


Fig. 64. General Form of a Two-tube Circuit with 
Square Current Waves 


Two-tube Square-wave Circuit 

The conditions of voltage and current required 
for high output and efficiency are satisfied by using 
two tubes arranged as shown in Fig. 64. The oscillat- 
ing circuit consists of the elements L, and Cı. The 
steady input current flows in through choke coil (Ls) 
and passes first through one tube and then the other, 
resulting in square current waves 180 deg. in length. 
This gives a high average current carried with a 
low space-charge loss. The voltages appearing across 
various parts of the circuit are indicated in Fig. 65. 


a c a b a 


Fig. 65. Voltage Waves of the Circuit Shown in Fig. 64 


During the period aba, the first tube is conducting 
current, and the anode potential of the first tube 
(e),) has the small steady value required to overcome 
the space charge. The oscillating circuit has a sinu- 
soidal voltage, and the potential of the anode of the 
second tube (e,,) is equal to the space-charge drop 
in the first tube plus the voltage of the oscillating 
circuit. During the periods when the second tube 
iS Carrying current as aca, its anode voltage is equal 
to the space-charge drop and ep, is equal to the 
space-charge voltage plus that of the oscillating cir- 
cuit. The voltage of the mid-point of L, will be given 
by the space-charge drop plus half the voltage of the 
oscillating circuit. Since the conducting path shifts 
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from one tube to the other at the time this voltage 
is zero, the potential e,, of the mid point of Lı will 
always be positive. The average value of e,, will be 
equal to X, the impressed direct voltage of the supply 
source, and, if e,, be referred to X as an axis, it will 
show the voltage across the choke coil Ls. 

If it be attempted to analyze and describe the 
circuit of Fig. 64 in more detail, it will be found that 
the currents and voltages which can be described in 
theory are difficult to achieve in practice. For example, 
the input current cannot be shifted instantly from 
one tube to the other because this would require 
an infinite rate of change of their space-charge 


‘voltages, and no potential varying at this rate is 


available with which to cause such a change in the 
grid voltages. For low- and intermediate-frequency 
circuits, however, such difficulties can be overcome: 
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Fig. 66. Grid Excitation for High-efficiency Circuit 


and this type of circuit gives promise of great useful- 
ness in many applications where the careful design 
required for its satisfactory operation 1s justified. 

At commercial power frequencies, the oscillating 
circuit may be replaced by rotating machinery, thus 
storing the necessary energy as kinetic energy of rota- 
tion. Circuits of this sort have been described in a 
previous article;®) and, in course of time, advances 
made in the manufacture of the necessary equipment 
will probably make their use in some instances an 
economy. With increased frequencies the outlook is 
slightly different. The difficulty here is not to 
show the economy of operation, but to find appli- 
cations where the operating conditions are such 
that the circuits will not have to be changed 
after leaving the factory, and sufficient apparatus 
of any particular rating can be sold to justify 
the costs of designing. When the square-wave 
circuit is discussed further, it will be seen how 
important it is that everything should be exactly as 
calculated and how the “taps” and “end turns” 
of the usual radio set would be an almost certain 
cause of failure. 


(°)'*The Inverter,” by D. C. Prince, GeneraL Evectnaic Review, October, 
1925, p. 676. 
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A HIGH EFFICIENCY CIRCUIT WITH SQUARE 
CURRENT WAVES 

It has been shown how square waves of anode cur- 
rent passed through two tubes can be combined with 
the sinusoidal voltage of an oscillating circuit in such 
a way as to obtain high efficiency and output, but 
the actual design of such a circuit presents some 
difficulty. Fig. 64 shows the elementary circuit sche- 
matically, and Fig. 65 shows the theoretical anode 
voltage (e, and ep) and the potential (e,,) of the 
mid point of Lı which has an average value equal 
to the impressed voltage. While either anode is car- 
rying current, the voltage across that tube is equal 
to the space-charge drop. When nocurrent is flow- 
ing to an anode, the potential is allowed to reach 
a value several times that of the supply source, but 
this results in no loss since the product of current 
and voltage is zero. 


Current Wave Forms 

The plate and grid-current waves should have as 
nearly a square form as it is possible to give them. 
The plate-current wave form will have a strong 
tendency to follow that of the grid, so the latter will 
be discussed first. The rate of change of the grid 
current will correspond to the rate of change of the 
space charge, and this potential is supplied by the 
secondary or grid circuit which has a sinusoidal 
voltage. The grids may be arranged as the anodes 
in an ordinary single-phase rectifier circuit as shown 
in Fig. 66. The alternating voltage across Ll» will be 
much in excess of the space-charge drop. The result- 
ant rectified voltage will be absorbed in a resistance 
r,,and a choke coil Ly will hold the current constant. 
This current is the sum of the two grid currents. 
When the potential of either grid is considerably 
more positive than that of the other, it will take all 
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Fig. 67. Approximate Form of Grid-current Waves 


the current. This means that the grid-current waves 
will have a long, flat, central portion. When the 
voltages of the two grids are nearly equal, each will 
draw some current, the total being divided in such 
a way that the difference in the space-charge drops 
is equal to the voltage applied between the grid 
terminals by the secondary circuit. The grid currents 
will, therefore, have a form of the nature indicated 
roughly in Fig. 67. The current begins to leave 
either grid when the voltage of the secondary circuit 
is equal to the space-charge drop for full current. 
When the secondary voltage is zero, the grids carry 
equal currents, and the commutation is completed 
when the secondary voltage reaches full space-charge 
value after its reversal. 
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The plate-current waves will have a form similar 
to that of the grid wave. The value of the flat portion 
will be fixed by the power input. The tapered portions 
must be similar to those in the grid waves, for the 
ratio of plate current to grid current can increase 
only by having an excessive plate voltage; and condi- 
tions in the primary circuit will be so arranged as not 
to favor this. Therefore, when the current to one grid 
begins to decrease, the corresponding anode current 
will decrease also. The choke coil through which the 
input current flows will tend to hold the sum of the 
anode currents constant. Hence, when one anode 
begins to lose its current, the other anode will start 


Fig. 68. Ripples Passed by Plate and Grid Choke Coils 


to carry current. Its grid current begins to increase 
simultaneously so that no high plate-voltage drop 
need result. 


Ripples Through Choke Coils 

Thus far it has been assumed that the two choke 
coils are perfect in their action. This is very difficult to 
achieve in practice, and it is found advisable to 
allow ripples in the choke current of a magnitude 
equal to twenty or thirty per cent of the steady 
current. The particular difficulty which makes this 
necessary is internal tuning of the choke coils; t.e., 
storage of so much electric energy between conductors 
inside the coil that 1t reacts somewhat as a condenser 
and inductance in parallel. A moderate amount of 
such action is not undesirable, but, if present in 
large amount, it may seriously impair the choke 
action for the higher frequencies. 

The magnitude of the ripples passed by the choke 
coils is found by dividing the choke voltages by their 
impedances. To do this exactly, the voltages should 
be analyzed into components, which are treated 
separately. In practice, however, only the components 
at the fundamental choke frequericy, which 1s twice 
the frequency of the oscillating circuit, need be con- 
sidered. When this 1s done, it is found that the plate 
current tends to increase at the time the grid current 
tends to decrease. Fig. 68 illustrates this point. The 
voltage across the plate-current choke coil is indicated 
by the difference between X and e,,. This produces 
a plate current ripple t, on the steady current I,, 
arbitrarily drawn equal to X in order to reduce the 
number of lines in the diagram. The drop in the grid 
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resistance 7, is shown by B. The voltage impressed 
on the grid choke is shown by the difference between 
e,, and B. This gives a grid ripple as shown by 2, 
superposed on the grid current J,. 

The difference in phase between the two current 
ripples results in an excessive plate voltage during 
the time the plate current is high and the grid cur- 
rent is low. In order to avoid this, the two choke coils 
may be coupled as shown in Fig. 69, and the ripple 
in the plate current may be made to cause a ripple in 
the grid current in the opposite phase to that obtained 
without the coupling, or as shown by the dotted line 
in Fig. 68. By this means, plate and grid currents 
may be kept proportional even though the choke 
system pass ripples of considerable magnitude. Since 
the combination of the two choke coils works with the 
harmonics obtained by rectification of the sine waves 
of the oscillating system, it has been termed an 
harmonic transformer. 

If the grid-current ripple were forced to flow 
through 7,, a phase displacement would result which 
would be difficult to compensate. This is avoided by 
using a pass condenser c, in parallel with r,. 


Parasitic Oscillations 

On account of the number of parts involved in these 
circuits, it is possible for oscillations to exist other 
than those which are desired. These oscillations 
utilize the unavoidable electrostatic coupling between 
parts of the circuit. Referring to Fig. 69, it will be 
seen that L; and Lı may be considered to be connected 
through a fairly large capacity as C3. This is due to 
the supply lines which have considerable electro- 
Static capacity. These are connected directly to the 
plate choke on one side and are separated from the 
grid choke on the other side only by condenser C, 
which is used to pass the ripples in the grid current. 
If there should be no oscillations in CiL; and C2Lz, it 
is apparent that L, and Lı may function as the plate 
and grid inductances of an ordinary Hartley circuit, 
the condenser of the oscillating circuit consisting of 
the electrostatic capacity- between the coils repre- 
senting Lı and ‘Lə and such other parts of the 
oscillating circuits as are exposed to one another. 
The two tubes operate in parallel in supplying 
power for parasitic oscillations using this circuit, 
and the frequency of oscillation is the natural fre- 
quency of the circuit in which the oscillations occur. 
The remedy for such parasitic oscillations is to so 
arrange the circuit in which they occur that high 
losses will quickly absorb their energy. This may be 
done by placing some resistance in series with C}. 
With good design, the stored energy in the para- 
sitic circuit is small, and this will aid in giving a 
high decrement. 

Another cause which tends to produce parasitic 
currents in any circuit is insufficient emission, and 
this must be avoided. 
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Rating of Circuit 

The rating of a circuit of the double-tube square- 
wave type is very easy to predetermine. A given type 
of tube will be able to safely withstand the stresses 
caused by a certain limiting direct voltage and the 
temperatures due to the passage of a certain current 
through it for half of each cycle. The product of this 
voltage and current is the input from the direct- 
current source. The losses occurring in the tubes are 
readily determined, and those occurring in the coil 
systems may be estimated. Hence, the output rating 
is quickly obtained. 


Distribution of Energy Throughout Circuit 
The ratio of the energy stored in an oscillating cir- 


cuit to the energy dissipated per cycle is Z times 
T 


the ratio of reactive volt-amperes to watts. Hence, 
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Fig. 69. Coupling of Choke Coils to Form an 
Harmonic Transformer 


if it is desired to store twice as much energy in a 
circuit as is dissipated per cycle, the volt-amperes 
must be 4r times the watts. This has been found to 
be a very good criterion for the lower limit in the 
design of simple oscillating circuits, and it is doubtful 
if it is wise to make any reduction here; for, although 
energy is now introduced into the circuit in two 
pulses per cycle instead of one, it is more essential 
that the voltages throughout the circuit conform 
to a definite shape, and this is accomplished by 
utilizing the fairly pure sine wave obtained with 
moderate energy storage. 

The volt-amperes given by the relation just pre- 
sented is the total for the circuit. Part of this is in 
the primary circuit, part is in the secondary circuit, 
and part is held by the two circuits in common. 
Another way of stating this is to say that the volt- 
amperes in the two condensers represent the total 
energy, and their sum is equal to the sum of the 
volt-amperes in the two coils due to their selfeinduc- 
tances, plus a term involving both currents and the 
mutual inductance. 

As the current required to commutate the grids is 
drawn from the condenser in the secondary circuit, 
it is obvious that this is one point in the circuit 
where it would be well to store an amount of 
energy quite large with respect to the local energy 
losses. Several circuits have been designed using 
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30 volt-amperes in the grid condenser for each watt 
lost at this point; and this seems to be a very good 
value. It certainly 1s generous, and at the same 
time does not ordinarily tie up too large a portion 
of the total energy. 


Voltages in Plate and Grid Coils 
The ratio of average to peak voltage for a double- 


wave rectifier is A The grid circuit is obviously an 
T 


‘ordinary rectifier, and the plate circuit is the same 
circuit reversed for the reception of energy at constant 
potential. 

Owing to the action of the grid choke, the voltage 
applied to the grid resistance is the theoretical 
average voltage minus the voltage drop in the grids 
themselves. Similarly, the plate choke takes the 
rectified voltage of the plate coil and presents it to 
the direct-voltage source of energy asa steady counter- 
electromotive force to be overcome. The input volt- 
age must, of course, be equal to this counter-electro- 
motive force, plus the plate drop. | 

Let E,=plate drop under full-load current. 

E, =grid drop under full-load current. 

F,=alternating voltage across primary coil 
(r.m.s. value). 

E,=alternating voltage across secondary coil 
(r.m.s. value). 

E, = voltage applied to grid-leak resistance (r,). 

E,=voltage of constant-potential source. 

Then, remembering that only one-half the voltage 
of either coil is used at a time, 


E, =Z xÉ V2 E+E, = E+E, (0) 
and 
E as (2) 
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It will be observed that these values are not entirely 
exact, as commutation of current from one tube to 
the other does not occur instantly at the time of zero 
coil voltage, and other slight variations occur; but 
the values obtained will be found to be of quite 
sufficient accuracy for all practical needs. 

The direct voltage of the supply source will, of 
course, be known, and this will determine F;. The 
values of E: and E, are not fixed until some assump- 
tion is made regarding the time required for the grid 
current to be transferred from one tube to the other. 
In general, this period will be short; but, if made too 
short, E, will be found to be so high as to cause un- 
warranted losses in the grid resistance. The whole 
problem of commutation of the grid currents is quite 
elaborate and will be discussed later. For the present, 
it will be sufficient to assume that commutation 
occupies a time interval represented by an angle 0 to 
either side of the time when the voltage across the 
grid condenser is zero (see Fig. 67). When commuta- 
tion starts, there is the drop E; in one grid and zero 
drop across the other. The total voltage between grid 
terminals measured through the grids is E,. At the 
same time, this voltage as measured through the 
grid condenser or coil is V2 E, sin 0; and; since 
these two must be equal 


E,=V2 Ey sin 6 (3) 


As E, will be known from the tube characteristics, 
the value of E: is determined when 6 is assumed. As 
the volt-amperes in the primary and secondary con- 
densers have already been determined, and the volt- 
ages are now known, the currents are easily obtained, 
thus giving the terminal conditions to be met by the 
plate and grid coils, which together form an air-core 
transformer. 


(To be continued) 


Every Building but Wrecks Electrified, Claims Niagara Falls 


With 997% per cent of the homes in the city served 
by the local electrical utility, Niagara Falls, New 
York, puts forward its claim to being the most com- 
pletely electrified city in the world. There are only 22 
houses within the city limits which are not connected 
to the electric lines, and these are old structures 
destined soon to be torn down to be replaced by mod- 
ern buildings. When this happens, it is predicted that 
the community will be 100 per cent electrified. 

According to Electrical Merchandising, which has 
compiled a table showing use of electricity in the 
cities of the country, Niagara Falls heads the list. 


There are 16,500 residence customers within the city 
limits. The average household use for this city in 1927 
was 1,413 kilowatt-hours. The average residence 
customer in the United States used 404 kilowatt- 
hours in 1926, according to the statistics of the Na- 
tional Electric Light Association. 

Dolgeville, New York, recently presented its claim 
to most complete electrification. It has a population 
of 3,500, and possesses 682 buildings of all kinds, with 
a maximum possibility of 973 customers. The local 
electric company serves 971 customers, or all but two 
families. 
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The Recording Spectrophotometer for Precise 
- Color Analysis 


HE rapid and accurate measurement of the 
color of reflecting surfaces has been solved by 
the recording spectrophotometer developed 
by Professor Arthur C. Hardy of the Department of 
Physics at Massachusetts Institute of Technology 
and of the staff of the Research Laboratory of the 
General Electric Company. The instrument has 
ample sensitivity at the violet end of the spectrum, 
where visual spectrophotometers fail because of the 
low visibility of light in that region. 

With the new instrument it becomes possible to 
duplicate any color exactly, at any place and at any 
time. For instance, should a fashion dictator in Paris 
develop a new color, it would be possible to send a 


little of every color, a decided proportion of red, and a 
maximum of bluish green, green, and yellowish green. 
The new color analyzer, a combination of a power- 
ful optical system and electrical devices, automati- 
cally analyzes the spectrum of colors and makes a 
chart of the analysis. A specimen, the color of which 
is to be analyzed, is placed in a holder and illuminated 
by a special ribbon-filament incandescent lamp. A 
surface of magnesium carbonate, the standard of 
whiteness, is similarly adjusted on the opposite side 
of the lamp. The light from the lamp falls perpen- 
dicularly on both the specimen and the magnesium- 
carbonate standard, and enters the slit of an ordinary 
spectograph system after reflection from both. 


Fig. 1. 


photoradiogram of the spectrophotometric analysis 
to New York immediately. In that city it could be 
duplicated by dye experts, even though these men 
would not be able to see an actual sample of the 
original color until later. 

Human judgment, one of the most troublesome 
elements in the usual methods of color analysis, is en- 
tirely eliminated by this device which automatically, 
rapidly, and precisely measures and records the color 
and wavelengths of light reflected by any substance. 


Construction of the Instrument 

Just as ordinary white light, or sunlight, is broken 
up into a rainbow of colors if passed through a tri- 
angular prism, so is colored light broken up by the 
prism into bands of different wavelengths and colors, 
with some colors more prominent than others. A pure 
color would have a minimum number of lines, but 
most of the colors as we know them are far from pure 
—they are mixtures of various wavelengths. And 
that is the reason why some colors which seem to be 
alike in sunlight differ so much from one another when 
viewed by artificial light. The prism will show, for in- 
stance, that a sample of a certain green dye contains a 


The Essentials of the New Recording Spectrophotometer Developed by Prof. Hardy 


Immediately in front of the slit is a rotating disk 
with alternate transparent and silvered segments, 
so located that light from the standard enters the 
slit when a transparent segment is in the beam, and 
light from the specimen when a silvered segment 1s in 
the beam. The light is dispersed by the spectrograph 
system, and the proper wavelength band selected 
by a second slit. Monochromatic, or single-wave- 
length, light is then received by a photo-electric tube 
in back of the second slit. This light as received by 
the tube is of pulsating intensity when different 
amounts of light in that region of the spectrum are 
reflected by the sample and the standard. This pul- 
sating light intensity is changed by the photo-electric 
tube to a pulsating electric current, which is then 
amplified 10,000,000,000 times and employed to run 
a small motor. This motor actuates a shutter in the 
beam between the light source and the standard, 
automatically adjusting the shutter to that point at 
which the pulsations in the current cease. This posi- 
tion is independent of the characteristics of the 
photo-electric tube. 

The reflecting power of the specimen is then re- 
corded on a rotating drum by a pen which is attached 


THE RECORDING SPECTROPHOTOMETER FOR COLOR ANALYSIS 


to the mechanism controlling the shutter just men- 
tioned. A second motor simultaneously rotates the 
drum and drives the slit across the spectrum, thus 
giving a complete color analysis in a time which has 
been reduced recently to less than a minute. In other 
words, no longer time is now required for a color 
analysis than for the measurement of some of the 
simplest physical properties. 


Previous Methods of Analysis 

Previous methods for determining colors have 
been of two types, the color analyzer and the color- 
imeter. Of these, the colorimeter is the simpler to use. 
The observer looks through an eyepiece at a divided 
field, one-half of which receives illumination from 
the specimen under analysis, and the other half of 
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‘which receives its light from a color that can be con- 
trolled at will by the operator, usually by the use of 
color filters. 

Physiologically, the eye is affected in three ways 
by a color—depending on red, yellow, and blue sen- 
sations—and three determinations are therefore 
needed in matching colors. This method depends 
considerably upon the personal equation of the oper- 
ator, and much information is still lacking after the 
analysis has been made. While the instrument will 
show when the color of the specimen does not match 
the standard, therefore being applicable to control 
work, it does not indicate in what respect the speci- 
men varies. 

The color analyzer, on the other hand, produces a 
record similar to that of the instrument devised by 
Professor Hardy but has handicaps, being difficult 
to adjust, requiring the making of many readings, 
depending on the sensitivity of the operator’s eye, and 
requiring considerable time for a complete analysis. 

Four settings of the analyzer are required for each 
wavelength studied, and at least fifty points through- 
out the visible spectrum must be analyzed before the 
curve is completed. The four readings for each point 
are averaged, and the curve of the points then 
plotted. In a speed test, two operators can complete 
an analysis by this method in twenty minutes; but 
fatigue of the operator’s eyes makes it impossible to 
complete more than a few analyses in one day. This 
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type of color analyzer, therefore, is unsuited for rou- 
tine control work. 


Fields of Application 

In whatever branch of industry the color of a 
product is a factor, the new recording spectropho- 
tometer will be of service. In the textile industry, of 
course, accurate measurement of color is of utmost 
importance, especially. when considering those deli- 
cate shades which so easily deceive the eye. 

Inks, paints, dyes, paper, lacquer, soap, lard, flour, 
butter, oleomargarine, cheese, sugar, syrup, choco- 
late, glass, automobile finishes, tile, brick, roofing 
materials, carpets, rope, hardware, leather, cement, 
linoleum, cosmetics—and the list might be continued 
indefinitely—all have their color problems. 


Reflecting Power (Per Zent) 


0 
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Representative Color Analyses Made with Recording Spectrophotometer 


In the sale of cottonseed oil the price is affected 
decidedly by slight differences of color. An amber hue 
is demanded by buyers at the New York Produce 
Exchange. If the oil is slightly red, though the differ- 
ence in color be hardly noticeable, its price must be less. 
Lubricating oils are similarly graded ona color basis. 

Even when color is not of prime importance, manu- 
facturers usually try to keep it uniform. Fruit can- 
ners catering to an exacting clientele endeavor to 
maintain a standard of colors, e.g., of peaches, since 
the contents of one can may be placed in the same 
dish with peaches from another can. 

But it is in the cataloging of dyes that the device 
will probably find one of its most important fields of 
application. Having a complete set of curves show- 
ing the properties of standard dyes and colors, it 
becomes possible to obtain new colors with prede- 
termined characteristics by properly mixing the dyes 
already available. 

The elapsed time since the recording spectropho- 
tometer was developed has not been sufficient to have 
permitted the testing of its applicability to all of the 
industries in which it is expected to be of service; but 
a sufficient number of tests have been made to indi- 
cate that the problem of rapid and accurate color 
analyses has been solved. 

The new spectrophotometer was described by Pro- 
fessor Hardy at the annual convention of the Optical 
Society of America, heldat Washington, November Ist. 
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Condensed references to some of the more important recent 
articles in the technical press, and to new books of interest to 
the industry, as selected by the General Electric Main Library. 


i ml 


Alloys, Magnetic 
Magnetic Properties of Perminvar. G. W. Elmen. 
Franklin Inst. Jour., Sept., 1928; v. 206, pp. 317-388. 


Arc Welding 


Stelliting by the Arc Process. C. M. Rusk. 
Weld. Engr., Sept., 1928; v. 13, pp. 53-55. 
(“Nature of deposit secured under different operating 
conditions—Effect of coating—Hardness and struc- 
ture of deposits.’’) 


Bearings 
Knowledge of Bearing Réipetatiires Aids Efficient Lubri- 
cation. H. L. Kauffman. 
Power Pl. Engng., Sept. 15, 1928; v. 32, pp. 977-979. 


Busbars 


Bus Stresses Under Short Circuits. 
Elec. Wld., Sept. 22, 1928; v. 92, pp. 564-565. 


Corona 


Economics of Corona iss: J. T. Lusignan, Jr. 
Elec. Wld., Sept. 1, 1928; v. 92, pp. 405-407. 
(“Known facts regarding corona as developed by Ryan 
and Peek reviewed.’’) 


Cutouts 


Critical Study of the Current Rating of Low-Pressure 
Ordinary-Duty Fusible Cutouts. P. D. Morgan. 
I. E. E. Jour., Sept., 1928; v. 66, pp. 926-948. 


Electric Cables 


Thermal Resistance of Cables. A. M. Taylor. 
Elec. Rev., Aug. 17, 1928; v. 103, pp. 270. 271. 
(Improved thermal dissipative capacity is claimed for 
an ‘“ʻintersheath” cable as compared with a single- 
core cable.) 


Electric Distribution 
Standard Voltage A. C. Network. John Oram. 
Elec. Wld., Sept. 1, 1928; v. 92, pp. 415-417. 


(Describes the Dallas distribution system of the Dallas 
Power & Lt. Co.) 


Electric Distribution, Underground 
Safe, Underground Transmission of Electrical Energy. 
H. Milliken and L. A. Kenyon. 
Elec. News, Sept. 1, 1928; v. 37, pp. 31-37. 
(Describes a 66-kv. cable installation of the Montreal 
Light, Heat & Power Consolidated.) 


Electric Lighting—Aviation 
Construction and Lighting of the Sacramento Municipal 
Airport. Charles R. Blood and W. J. Delehanty. 
Elec. West, Sept. 1, 1928; v. 61, pp. 134-137. 


Electric Lighting— Theaters 
Engineering Problems in Theatre and Stage Lighting. 


. C. Brown. 
W. Soc. Engrs. Jour., Sept., 1928; v. 33, pp. 447-455. 


Electric Locomotives 
Performance of Motor-Generator Locomotives. P. A. 
McGee. 
Rwy. Age, Sept. 8, 1928; v. 85, pP. 443-447. 
(Locomotives on the Great Northern R. R.) 


Electric Precipitation 


Precipitation in Europe. G. Berg. 
Elec. Wld., Sept. 15, 1928; v. 92. pp. 499-503. 
(An illustrated description of European electric pre- 
cipitation equipment, particularly that manu- 
factured by Siemens.) 


Electric Traction 


High-Frequency Railway Traction. W. Cramp. 
Elec. Rev., Sept. 14, 1928; v. 103, pp. 454-455. 
(Abstract of a paper read before the British Association 
for the Advancement of Science. Author proposes a 
novel scheme for electric traction.) 


Electric Transmission Lines 


Overhead Line Design. J. A. Sumner. 
Elec. Rev., Sept. 21, 1928; v. 103, pp. 471-473. 
(Serial.) 


Semi-Flexible Tower Line to Meet Severe Conditions. 
Clyde A. Booker. 
Elec. Wid., Sept. 15, 1928; v. 92, pp. 507-509. 
(Policies of the New England Power Co. in building 
lines with the conductors in a horizontal plane.) 


Transmission System and Conductor Comparisons. William 
. Taylor. 
Elec'n., Sept. 7, 1928; v. 101, pp. 251-252. 
(Comparison of conductor efficiencies of single-phase 
and three-phase systems; copper vs. aluminum, etc.) 


Electrical Machinery—Losses 


Calculation of Stray Load Losses. G. H. Rockwood. 
A.I. E. E. Jour., Aug., 1928; v. 47, pp. 582-585. 
(Abridgment.) 


Electricity—Applications—Agriculture 
What the Farmer Thinks of Electricity. J. H. Flessner. 
N. E. L. A. Bul., Sept., 1928; v. 15, ' pP: 539-543. 
(An address before the Michigan Electric Light Assoc.) 


Grounding 
Effect of Ground Wire on Traveling Waves. J. H. Cox and 


. Slepian. 
Elec. Wld., Sept. 22, 1928; v. 92, pp. 551-554. 


High Frequency 


High-Frequency A . C. Generation. E. D. McArthur. 
Elec. Rev., Aug. 24, 1928; v. 103, pp. 303-306. 
(An account of experiments in the production of high 
frequencies by means of vacuum tubes.) 


Hydroelectric Development 


Conowingo Hydroelectric Development on the Susque- 
hanna River. Alex. Wilson. 
A.I. E. E. Jour., Sept., 1928; v. 47, pp. 655-657. 
(Abridgment.) 
Electrical Features of the Conowingo Generating Station 
ae the Receiving Stations in Philadelphia. R.fA. 
entz. 
A. I. E. E. Jour., Sept., 1928; v. 47, pp. 649-654. 
(Abridgment.) 


Insulators— Testing 


Time Lag of Insulators. E. J. Wade and G. S. Smith. 
Elec. Wld., Aug. 18, 1928; v. 92, pp. 309-312. 


Load Ratio Control, Transformer 
Tap-Changing Equipment Controls Transformer Voltage. 
Arthur Palme. 
Power, Sept. 25, 1928; v. 68, pp. 519-522. 
(Presents an illustrated description of load ratio con- 
trol equipment for transformers.) 
Three-Winding Transformers With Tap Changing Under 
Load. K. A. Oplinger. 
Elec. Wid., Sept. 1, 1928; v. 92, pp. 410-412. 


Oscillographs 


An Amplifier to Adapt the Oscillograph to Low-Current 
Investigations. Sigmund K. Waldorf. 
A.I. E. E Jour., Aug., 1928; v. 47, pp. 594-597. 
(Abridgment.) 


LIBRARY SECTION 


Radio Direction-Finding 
Radio Acoustic Position Finding in Hydrography. Jer y 
H. Service. 
A. I. E. E. Jour., Sept., 1928; v. 47, pp. 670-674. 
(List of 11 bibliographic references, p. 674.) 


Radio Beacons for Transpacific Flights. Clayton C. 
Shangraw. 
Inst. Radio Engrs. Proc., Sept., 1928; v. 16, pp. 1203-1235. 
(An illustrated description of equipment used.) 


Radio Engineering— Measurements and Testing 


Use of Radio Field Intensities as a Means of Rating the 
Outputs of Radio Transmitters. S. W. Edwards 
and J. E. Brown. 

Inst. Radio Engrs. Proc., Sept., 1928; v. 16, pp. 1173-1193. 


Radio Engineering—Transmission 


Nature of the Field in the Neighborhood of an Antenna. 
Raymond M. Wilmotte. 
I. E. E. Jour., Sept., 1928; v. 66, pp. 961-967. 


Radio Engineering—Transmission, Directional 
Chireix-Mesny Directive Antenna for Short Waves. 


Stuart Ballantine. 
Inst. Radio Engrs. Proc., Sept., 1928; v. 16, pp. 1261-1267. 


General Considerations of the Directivity of Beam Sys- 
tems. Raymond M. Wilmotte. 
I. E. E. Jour., Sept., 1928; v. 66, pp. 944-961. 


Relays 


Relay Protection of Power Systems. W. F. Mainguy. 
Elec. News, Sept. 1, 1928; v. 37, pp. 27-30. 


Ship Propulsion, Electric 
Comparison of Turbo-Electric and Diesel Drive in Large 
Passenger Ships. W. L. R. Emmet. 
Am. Soc. Nav. Engrs. Jour., Aug., 1928; v. 40, pp. 504- 
505. ` 


(Compares operating costs of the California and the 
Gripsholm. Extract from Shipbuilding and Shipping 
Record, May 31, 1928.) 


History, Description, and Acceptance Trials of the U S. S. 
Lexington. C. S. Gillette. 
Am. Soc. Nav. Engrs. Jour., Aug., 1928; v. 40, pp. 
438-495. 
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Steam Turbines 


General Trend of Modern Development in Steam Turbine 
Practice. Henry Lewis Guy. 
Met.- Vick. Gaz., Aug., 1928; v. 11, pp. 46-48. 
(“Reprinted by permission of the Institution of Civil 
Engineers.’’) 


Substations 
aye of a Hypothetical Substation. 
E.L.A. Bul., Sept., 1928: v. 15, pp. 544-554. 
(Several solutions, by different authors, of a problem 
submitted: by the Electrical Apparatus Committee, 
Engineering National Section, N.E.L.A. Serial.) 


Lighthipe 220-Kv. Substation. R. B. Pollock. 
Elec. Wid., Sept. 22, 1928; v. 92, pp. 559-563. 
(Illustrated description of a Southern California 
Edison Co. substation.) 


Substations, Automatic 
Hamilton’s New Automatic Mercury Arc Rectifier Sub- 
Station. Charles E. Hutton. 
Elec. News, Sept. 15, 1928; v. 37, pp. 29-32. 
(Illustrated description of equipment in the Jackson 
Street substation of the Dominion Power and Trans- 
mission Co., Hamilton, Ont.) 


Telemeters and Telemetry 
Meter Readings and Signals Transmitted by Selsyn Mo- 
tors. A. E. Bailey. 
Power, Sept. 11, 1928; v. 68, pp. 434-435. 
(Author is a G-E engineer.) 


Vibrations 
Experimental Investigation of Forced Vibrations. L. W. 


Blau. 
Franklin Inst. Jour., Sept., 1928; v 206, pp. 355-378. 


Theory of the Dynamic Vibration Absorber. J. Ormon- 
droyd and J. P. Den Hartog. 
A. S. M E. Trans. (APM), May-Aug., 1928; v. 50, 
paper No. 7, pp. 9-22. 
(A device for reducing vibrations in machinery.) 


Vibration of Frames of Electrical Machines. J. P Den 
artog. 
A. S. M. E. Trans. (APM), May-Aug., 1928; v. 50, paper 


No. 6, pp. . 
(Formulas for the calculation of natural frequencies.) 


NEW BOOKS 
(These and other Technical Books: may be purchased through the Circulation Dept. of the GENERAL ELECTRIC REVIEW.) 


Elements of Aviation; An Explanation of Flight Principles. 
C omus E. Clark. 193 pp., 1928, N. Y., Ronald Press 


Engineering Aerodynamics. Walter S. Diehl. 298 pp., 1928, 
N. Y., Ronald Press Co. 


Fundamental Principles of Electric and Magnetic Circuits. 
Ed. 2. Fred A. Fish. 212 pp., 1928, N. Y., McGraw-Hill 
Book Co., Inc. 


Petroleum and Its Products. William A. Gruse. 377 pp., 
1928, N. Y., McGraw-Hill Book Co., Inc. 


Physical and Chemical Examinations of Paints, Varnishes, 
Lacquers and Colors. Ed. 4. Henry A. Gardner. 781 pp., 
1927, Wash., Institute of Paint and Varnish Research. 


Storage Batteries; Theory, Manufacture, Care and Applica- 
tion. Morton Arendt. 285 pp., 1928, N. Y., D. Van 
Nostrand Co., Inc. 

(“This book is a development of lectures to Engineering 
Students at Columbia University and to Officers at 
the U. S. Submarine School over a period of years. 
It is also based upon the author’s practical experience 
in battery manufacture and maintenance.” Features 
of construction and maintenance are emphasized. 
Sufficient theory to account for reactions and cell 
characteristics is presented. The influence of plate 


construction, purity of materials, and electrolyte 
diffusion upon cell behavior is given special attention. 
In addition to introductory .material on the general 
theory of the storage battery, the author takes up: 
lead plates and their manufacture; sulphuric acid as an 
electrolyte; problems of capacity and efficiency; lead 
storage cell parts and assembly; methods of installa- 
tion, operation and maintenance; the _nickel-iron- 
alkaline cell; battery testing and applications. An 
adequate index is provided.) 


Story of Electricity, and a Chronology of Electricity and 
Electrotherapeutics. Herman Goodman. 62 pp., 1928, 
N. Y., Medical Life Press. 

(A condensed history of the evolution of the electrical 
science from the earliest times to the present. Special 
attention is paid to those phases having to do with the 
development of electrotherapeutics. The many brief 
biographical sketches of famous scientists in the 
fields of physics and electricity, together with full- 
page portraits of several, will be found of interest. 
A five-page ‘‘Chronology of Electricity and Electro- 
therapeutics,” giving some 200 references to note 
worthy dates, persons and deeds, brings the little 
volume to a close.) : 


Water Purification. Ed. 2. Joseph Ellms. 594 pp., 1928, 
N. Y., McGraw-Hill Book Co., Inc. 
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Where capacity for service is 
the measure of value, prices 
are to be considered only in so 
far as they are indicitive of per- 
formance possibilities. Motors 
equipped with “Norma” Pre- 
cision Ball Bearings, or with 
“Hoffmann” Precision Roller 
Bearings, may cost a little 
more. But their longer life and 
improved performance return 
extra earnings which far dut- 
weigh any price difference. 
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j eis condenser on the left is a 50,000 sq. ft. 
Wheeler Condenser installed 

serving a 30,000 Kw. turbine; 

25,000 sq. ft. Wheeler Condenser installed last year, 
serving a 35,000 Kw. 

the Milwauke 


turbine in the Lakeside Plant of 
e Electric Railway & Light Company. Each 
Condenser require 
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several years ago, 
that on the right, a 


s 50,000 


gallons of water p2r minute 
sults are identical. 


and the vacuum re 


Improved de 


sign and tube arrangements have raised the heat 
transfer per square foot of surface so th 

accomplished with only one-half the 
viously required. 


at the same work is 
amount of surface pre- 


It is noteworthy that the power re 
small condenser is 185 h.p. 


are a total of 6 Wheeler Con 


quired by the circulating pumps of the 
less than that required for the 


large unit, 
densers in Lakeside Station. 
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Foster W heeler Corp. 165 Broadway- New York 
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A PASSING CLOUD LEAVES ITS CARD 


Floating across the sky a cloud bank progressively shuts off the sunlight and the landscape lies in the valley of shadow until the 
sun rays in increasing numbers succeed in piercing the trailing edge of the cloud as it moves off 


(See p. 85) 
In This Issue: Daylight Recording Frequency Control Ground Detection 
Low-voltage A-c. Networks Flux Plotting Daylight Measurement 


Vacuum Tubes as Oscillation Generators Heaviside’s Calculus Cahokia Substation 


HE 35,000 Kw. turbine at the Cabin Creek Plant of the 
Appalachian Power & Light Co. is served by a 25,000 sq. ft. 
Wheeler Direct Flow Condenser. Twenty-eight inches vacuum 
with 80° water and 32,000 Kw. load is shown in recent tests. A 
full copy of these tests have been published and can be furnished. 


To*the left of the condenser can be seen the bleed feed water 
heaters. These are Wheeler U Tube Heaters. The U Tube design 
eliminates the return header and is well adapted for high pres- 
sure service. 


Foster Wheeler Corporation, 165 Broadway, New York, N. Y. 


A Consolidation of Power Specialty Company and Wheeler Condenser & Engineering Company. 


Branches in principal cities 
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TIME AND PLACE 


Continuously rotating arrows as they appear—sharply defined and stationary—in the light of the Neon-electric Stroboscope 
under the following conditions: disk driven by synchronous motor under constant load and stroboscope operated 
from same source as the motor. A variation in load causes a displacement in the position of the arrows 
(See p. 136) 
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Neon-electric Stroboscope Load Ratio Control Heaviside’s Calculus 
Vacuum Tubes as Oscillation Generators D-c. Motor Development 
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The Inglis Station by night. The General Engineering and Manage- 
ment Corporation were the engineers responsible for this attractive 
installation. 


Inglis, Florida, 
Uses Foster Equipment 


Six 936 hp. Edge Moor longitudinal drum boilers 
have been installed at the Inglis steam station of the 
Florida Power Corporation. The boilers are equipped 
with Foster Superheaters and Foster Economizers, 
all designed for operating loads up to 300% of rat- 
ing. The superheaters add 200 deg. of superheat 
to the steam generated. Economizers of 4368 sq. ft. 
heating surface raise the temperature of the boiler 
feed water to 350 deg. F., while handling 85,200 
lbs. of water per hour. 


General view of the Foster 
Economizers installed at 
the Inglis}]plant. Char- 
acteristic features are — 
low maintenance, high 
efficiency, compactness 
with accessibility. 


Foster Wheeler power plant equipment is being 
used at leading power stations throughout the world 
in both large and small units. It is rendering con- 


tinuous high-grade service and can always be de- 
pended upon for unfailing reliability. 


FOSTER WHEELER CORPORATION 


165 Broadway, New York, N. Y. 
Phantom view of the Foster Economizer. 65 = Y» ie ? 
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READY TO SHOOT PROJECTILES AT 175,000 MILES PER SECOND 


Three-section cathode-ray tube for operation at 900,000 volts. The large metal sphere at the left, on an insulating support, 
contains a storage battery for heating the cathode filament of the adjacent section of the tube. Beneath the 
center section, and connected to it, is the exhausting equipment. At the extreme right is the 
metal window through which the cathode rays are projected from the tube. (See p. 184) 


Load Ratio Control 
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Industrial Electric Heat 


Oxygen in Industry 
Liquids-as Insulators 
Induction, Regulator Switching 


Shell of the 55,000 sq. ft. single-pass Wheeler 
condenser, under construction. This meas- 
ures 14 ft. in diameter inside the water 
boxes and 25 ft. in length. Shop assembly 
of the condenser shells is always made be- 
fore shipment to assure perfect alignment. 
This condenser is to be operated in con- 
nection with a 60,000-kw. turbine. - 


The Largest Single-pass Condenser Yet Built— 


is now being installed at the Pekin Plant of the 
Superpower Company of Illinois. 

This equipment is made by the oldest com- 
pany in this country specializing on condensing 
equipment. Through years of reliable service, 
the name Wheeler has become synonymous with 
the highest type of condensing equipment. 
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BALLOONS—BALLOONS 


Daylight view of an ornamental lighting installation at the Broadmoor Hotel, Colorado Springs. Thin rubber balloons 
of a variety of colors enclose Christmas tree lamps connected in series of eight. These groups form units 
that are readily adaptable to a wide range of decorative lighting effects (See p. 264) 


In This Issue: New Arc-welded Building Protection of High-voltage Lines 
Low-voltage A-c. Networks Ornamental Lighting Selection of Gas for Cutting 
Improved Power System for Street Railway Heaviside’s Calculus Wattmeter Connections 


View below shows in- 
take and outlet super 
heater headers ‘and the 
inclined legs of the 
superheater elements. 
The simplicity and ac- 


cessibility of the con- | 


struction appeals to 
the operating as well 
as to the consulting 
engineer. 
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uperheaters 


with the extended surface 


are here shown applied to a 601 hp. Wickes semi- 
vertical boiler and provide 175 degrees of superheat 
when operating at 200 lbs. pressure and 175% of rating. 


Cast-iron extended surface is shrunk upon seamless 
steel tubes, giving a metal-to-metal contact for max- 
imum transfer of heat. The superheaters are completely 
drainable in accordance with best practice. 


The experience of more than 12,000 installations under 
widely varied conditions during the past 25 years in- 
sures the most satisfactory return on the investment. 


FOSTER WHEELER CORPORATION 
165 Broadway, New York, N. Y. 
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Foster Convection 
Superheater installed 
in a semi-vertical 
boiler with steel cas- 
ing, typical of high- 
grade, moderate-sized 
modern boiler units. 
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HEAT AND ELECTRICITY COMBINE 
TO PREPARE STEEL FOR ITS WORLD'S WORK 


Six articles on Electrified Steel Mill Operation 
together with 


Welded Plate Girders Current Capacity of Wire High-speed Recorder 
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Foster Equipment at 


Reading Station 
Metropolitan Edison Co. 


The Reading plant of the Metropolitan Edison Com- 
pany has a capacity of 69,000 kw. Foster convection type 
superheaters are installed in four 1013 hp. Edge Moor 
boilers designed to give 200 deg. superheat with boilers 
operating at 175% rating and 265 lb. pressure. Foster 
radient type superheaters applied to two similar boilers 
add 200 deg. superheat when the boilers operate at 
200% rating. 

The plant includes three Foster economizers of 6048 
sq. ft. heating surface each. These raise the temperature 
of the boiler feed water 140 deg. F. at the higher ratings. 
A |Foster waterback has also been installed in one of the 


furnaces, adding to the fuel saving effected by Foster 


apparatus. Foster economizer as installed in the Reading 
plant of the Metropolitan Edison Company. Hot 


Foster WHEELER CORPORATION gace pose npwati. dae Manon 


ward thru the tubes, leaving at the bottom. 
165 Broadway, New York, N. Y. The Foster application of the countercurrent 


Branches in Principal Cities principle, insures maximum efficiency of the unit. 
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A REDUCTION OF 40 PER CENT IN WATTLESS KV-A. 


One of six 300-kv-a. capacitors which raised the power-factor of the Gray’s Harbor Railway and Light 
Company’s distribution system from 0.644 to 0.821, or half way to unity. (See p. 386) 


In This Issue: Power-factor Improvement Wattmeter Connections D-c. Transformer 
Oscillation Generators Gas Production Photo-electric Celts ( 
Gas-electric Buses Synchronous Motor Stability Voltage Build-up of Standard Exciters 
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Typical Foster air heater sections 
assembled on jigs preparatory to 
welding, showing large area of 
heating surface handled as a unit 
in each section. 


Lawra 
i 


Bent 


The Foster sectional air heater involves new principles in air 
heater design. They are of great importance to power plant 
engineers. 

The heaters are made of standard sizes of steel sheets assem- 
bled into sections at the shop. These sections are shipped as 
completed units ready for bolting into place on the job. The 
standard sections may be arranged for series or parallel flow of 
gases and air. 

Air is heated by passing across the heating surface hori- 
zontally while the gases flow vertically on opposite sides of the 
sheets. 


The accompanying illustrations show standard units at the 
factory. Completely assembled heating surface is shown above, 


Bry ve crest ey adler a e before welding and before the application of the framing. The 
ber of sections. mmay bó <onnecee illustration at the left shows a small completed section ready for 
together to secure series or paralle i r . . oh 
flow of gases or air, as may be re- shipment. The clips on the sides of the casing are for retaining 
quired. 


the insulation in place. 

Operating records of Stations equipped with Foster sectional 
air heaters show § to 10 per cent savings in fuel and 10 to 20 
per cent increase in boiler capacity. 
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[2 THE FIRST INSTALLATION OF ITS KIND IN THE WORLD 


This bank of capacitors connected in series with a three-phase transmission line has demonstrated its ability to improve 
; TE the characteristics of alternating-current transmission. (See p. 432) 


Cathode-ray Oscillographs Series Capacitor Equipment 
Low-voltage A-c. Networks Stresses in Bus Structures Mass Transportation 
Converter Windings Compressors for Cupola Blowing Reflection by Terra Cotta 
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Columbia Power Station of the Columbia 
Gas & Electric Co. Sargent & Lundy, 


Inc., Engineers. 
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Door removed ‘from evaporator 


showing coils and coil couplings. Shop view of Wheeler Contraflo high pressure 
Note simple coil connections. evaporators, showing davit provided for remov- 
Any coil may be removed without ing the door; this makes the coils readily ac- 
disturbing other coils. cessible. 


ee ee 


>. * 


The make-up water for two 63,000-kw. turbine units at the 
Columbia Station of the Columbia Gas & Electric Co. is to be supplied 
by four Wheeler Contraflo Evaporators. 


Every power station in this country carrying 6oo-lb. steam pres- 
sure 1s now equipped with Wheeler Evaporators. These prominent 
generating stations include Twin Branch, Crawford Ave., Philo and 
Stanton. Wheeler Evaporators are also being built for installation 
in the following new power plants: State Line Station (208,000 
kw.), Philo Extension (165,000 kw.) and Buenos Aires (100,000 kw.) 


Sargent and Lundy, Inc., are the consulting engineers for all 
of these plants. 
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WITHIN 40 PER CENT OF THE TEMPERATURE OF THE SUN 


A 2500-amp. 100-volt 60-cycle single-phase arc between 4-in. graphite electrodes in a brass melting furnace, 
as viewed through smoked glass. The construction and operation of this type of furnace 
is described in the article on p. 483 


A-c. High-speed Circuit Breakers Rail Bonds Single-phase Arc Furnaces 
Carrier-current Street Lighting Control Industrial Hydrogen Crystal Structure 


Heaviside’s Calculus Low-voltage A-c. Networks Photo-electric Tubes 
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View from southwest of heating and power plant 
at State University of lowa, Iowa City, lowa. 


State University of lowa 
Adds Two More Superheaters 


Additional power at the new plant of the State University of Iowa is to be 
supplied by two boilers, each equipped with Foster superheaters. The boilers, 
a 612-hp. Stirling and 631-hp. Murray bent tube type, will operate at a pressure 
of 175 lb. per sq. in. At 175 per cent normal boiler rating, the Foster super- 
heaters add 100 deg. F. superheat to the steam generated. 


Four Foster superheaters were first installed at the State University of Iowa 
in four 612-hp. Stirling boilers during 1925. They operate at 175 lb. per sq. in. 
pressure, with 100 deg. F. superheat. 


The repeat order for two additional Foster superheaters, bears testimony of 
the reliability and satisfactory performance of Foster Wheeler equipment. 
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PAotigraph by Inter national Newsreel 


There, side by side, and on into the night 
Run avenues of friendly light; 

And we behold the busy haunts of men 
Revealed as in the day again. 


—Anonymous 
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In This Issue: Resistor Furnaces Rotor Balancing Things We Dont Fhink Of 
Electric Micrometer 20-amp. Street Lighting Improved Single-phasé Motors 
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Foster sectional air heater in the course of erection. This heater, — 
containing 12,000 sq. ft. of surface consists of 8 inte is - 


sections, arranged four passes in parallel. Each pass: is 5 made UP on ae 


of an upper ers connected iSeries: 
Foster Sectional Air Heater i 


to Preheat 250,000 lb. of Air per Hour 


The Foster sectional air heater, in course of erection as shown 
above, is now operating in connection with a 1400 hp. B. & W. z ; 
cross drum boiler. | 


The eight sections that compose this heater are arranged | . 


so that the hot gases go vertically upward through them. Air is t 
admitted at the upper sections, is drawn horizontally through 4 
them, then downward through connecting ducts at the back, >g 


and forward horizontally, through the lower sections. The 
heated air then flows down, through the casing shown, to the 
furnace. 


_ This Foster air heater raises the temperature of 250,000 lb. 
of air per hour from 8o deg. F. to 204 deg. F. at the same time 
cooling the flue gases to a temperature of 294 deg. F. 
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High-voltage D-c. Machines 


The building in the rear of the 2600-amp. 110,000-volt 
Carboloy Cutting Tools 


Kenotron Testing Set 


THE TOWERS AND THE WATCHMEN 
Low-voltage A-c. Networks 


circuit breakers was erected for servicing the station equipment. 


Street Railways 


Transmission lines and switch yard of a new outdoor substation. 
e 


Crystal Structure 


In This Issue 
Driven Grounds 


Offices in Principal Cities 


Aero Unit Pulverizers 


HE four Aero unit pulverizers illustrated above, are 

firing four 1035 hp. Kidwell boilers in this up-to-date 
power plant. Normal operation is at 250 per cent rating, 
although the Aero pulverizers are capable of providing 
Operation up to 333 per cent of the rated boiler. capacity. 


These Aero units have a capacity of pulverizing 10,000 
lb. of coal per hour continuously and 12,000 lb. per hour 
for peak load operation. The pulverized fuel is fed directly 
to the furnace from the pulverizers, eliminating any storage 
of powdered coal. Control of combustion is easy and in- 
stantaneous over a wide range of operating loads. 


Foster superheaters, economizers and water walls are 
installed in the boilers at this plant. The steam generating 
units are unusually compact and are designed for an operat- 
ing efficiency of 85.6 per cent. 
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INCANDESCENT SUNSHINE IN THE MOVIE STUDIO 


Exclusive use was made of the newly-perfected incandescent lighting units in the filming of “Our Dancing Daughters,” 
a set of which is here shown. A description of this system of illumination appears on p. 648 


In This Issue: Recording Instruments Resistor Furnaces Research and Progress 
Low-voltage A-c. Networks Current Transformers Flashing of Converters 
Oscillation Generators Car-lighting Equipment Motion Picturessand Mazda Lamps 
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Pulverized Fuel Firing 
by the Aero Unit System 


HE Aero unit system of pulverized fuel firing is a direct and 
efficient method of burning solid fuels. The coal is pulverized 
and mixed with primary air in the Aero machine. It is then de- 
livered directly to the furnace, there being no storage of powdered coal. 


Control of combustion with the Aero system is simple and 
practically instantaneous over a wide range of boiler ratings. 


The Aero units shown above are firing seven 6oo-hp. Edge 
Moor boilers. Normal operation is at 250 per cent normal boiler 
rating. The Aero pulverizers, in this case, are designed for opera- 
tion up to 300 per cent rating. 


An investigation of this system of pulverized fuel firing is well 
merited. Its characteristics are reliability, low maintenance and 
instantaneous flexibility. 


FOSTER WHEELER CORPORATION 
165 Broadway, New York, N. Y. 


Foreign Associates: 
Foster Wheeler Limited; London, England 


Foster Wheeler Limited; Toronto—-Montreal—Vancouver, Canada. 


FOSTER WHEELER 
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